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PRIMITIVE BELIEFS 



Today most Informed persons realize that we live on a rotating ball- 
sized mass called the "earth" which, in turn, is in orbit around a modest- 
sized star called our "sun". There have been many different beliefs about 
our universe. Some said it was flat. Others thought the earth was the cen- 
ter of the universe and everything rotated around it. 

The domain of space aLiove the surface of the earth has always been a 
source of wonderment for people. For several tens of thousands of years, the 
life of primitive people was a struggle to hunt for food and shelter to stay 
alive and to raise offspring. They must have wondered about the physical 
hardships Imposed by nature--the storms, rain, drought, heat and cold. The 
radiations of the sun and the falling of rain made them look to the heavens 
for explanations of where the mysterious and unexplainable forces of nature 
originated. To the Egyptians, the Milky Way was the "heavenly Nile." 

Important gods lived above in the heavens, and when they died, manv 
people believed they went to a remote "heaven" or after-life beyonc' the 
earth, Preoccupation with space is thus as old as history itself. But ea^ly 
people never really understood the regions beyond earth as we do today. 

The science astronorj o*-iginated in Babylon and Egypt. kitr. this 
science men and women bega^ tc understand their universe bette*-. The Babj*- 
lonian priests acquired a remarkable knov^ledge about the perioas o^ the su^-., 
moon and the planets, The^ developed calendars and sun clocks. It is said 
that the Egyptians recordec^ signting the planet Venus 1,50G yea^s before the 
time of Christ. 

In Greece, astronoir^ gre^ frorr Pythagoras (475 E.G.) wh: founoec ge:- 
met>-y. His followe^^s first suggested the earth was round o^ really a sphe^'e. 

The great alteretio'^ o"" ou^ concept of the solar systerr was autho^ec bj 
a brilliant ancj tir'iC PoUs^. matheTr.etical astronomer, Nichdes Copernicus 
(1473-1543). Copernicus believed that the earth orbited around the sur an: 
that th'e sun, rather tha'^ the earth, was truly the center of the scla^ 
systeiT.. 

With the discovery of the telescope by Galileo people could for tne 
first time get a better look at the heavens. With the telescope nevs planets 
were discovered and the kno^'n universe really began tc enlarge. 

While the telescope enabled people to loof at the heavens in greater 
detc"^l, the> alsc bega- to drear of traveling to distant places in the 
universe. 



OUR FANTASY OF FLIGHT 



One of the earliest artifacts illustrating human flight was a Babylonian 
seal dating from 3500 B.C. On this seal is pictured the shepherd king, 
Etena, flying to heaven on the back of an eagle. 

In 1500 B.C. a Persian king, Kau Kaus, an astronomer, attempted to fly 
to heaven by means of fastening eagles to his throne. 

Historians tell us also about the classic myth of Icarus and Daedalus. 
Icarus flew too near the sun. His wax-cemented wings of bird feathers melted 
and he crashed to his death. 

With the use of Galileo's telescope, with which he detected mountains on 
the moon, speculations concerning flight to the moon began to appear. The 
publishing in 1634 of Kepler's "Somnium" four years after his death, was the 
greatest science fiction classic of space flight in its day. 

Francis Godwin's "Man In the Moon" (1638) dealt with lunar flight using 

trained wild geese which lived on the moon and migrated to the earth. 

Twenty-five of therr were shackled to a rig so that his here, Domingo 

Gonsales^ could be carried along when the geese made their regular migration 
back to the moon. 

Cyrano de Bergerac wrote a novel, 
"The Voyage to the Moon" (1649), tell- 
ino of several attempts at lunar 
flight. Cyrano first tied a string o^ 
bottles filled with dev. around himself, 
so whe*^' the heat of the sun attracted 
the dev. (evaporation), he woulc be 
lifted up to the moor. 

The idee of a 1 ighter-than-air 
ship was proposec by Francesco Lana 
Tarzi in 167C. It was a design which 
animated thought leading to the 
invention of the balloon, the first 
practical means of flight. The first 
successful balloon flight was a public 
demonstration on June 5, 1763, by 
Joseph and Etienne Montgolfier at 
Annonaj, France. 

Montgolfier Balloon (17E3) 
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UNITED STATES HUMAN SPACEFLIGHT PROGRAMS 



Manned space flighty popular in fiction, possible 1n theory, became fact 
on April 12, 1961, when the Russians launched Cosmonaut Yuri Gagarin into 
orbit. This was the first successful human space flight. Cosmonaut Gagarin 
made a 108-minute orbital flight around the earth. 

The space race actually became reality in 1957 when the Russians 
launched the first artificial satellite celled Sputnik 1. The launching of 
Sputnik 1 on October 4, 1957, gave the United States Its final incentive to 
organize an agency to direct space flight. The National Aeronautics and 
Space Administration (NASA) was activated into existence on October 1, 1958, 
by Congress. With NASA to direct its efforts the U.S. race for ^pace was on. 

Both the United States and Russia sent non-human passengers into space 
before allowing the launching of men. On November 3, 1957, Russia launched 
Sputnik 2^ containing a dog called Laika. In January of 1961 NASA launched 
chimpanzees "Baker" and "Abel" into sub-orbital flight. These flights proved 
that a living creature could travel into space and be returned safely to 
earth. 

The first United States manned space program was called Mercury. The 
program was named after the famous winged messenger of the gods. 

The first American in space was Alan B. Shepdrd, with a 15-minute, 22- 
second suborbital flight on May 5, 1961. There was one more suborbital 
flight, the following July 21, by Virgil I. Grissom. Twenty days u^ter 
Shepard's fligfit. President John F. Kennedy announced the lunar landing pro- 
gram (Apollo) as a national goal to be accomplished during that decade 
(before 1970). 

The objectives . of the Mercury program were: to orbit a manned space- 
craft around the earth; to investigate our ability to function in spa:e; and 
to recover both man and spacecraft safely. 

On February 20, 1962, the objectives of Project Mercury were achieved 
when Astronaut John H. Glenn, Jr., became the first American to orbit the 
earth. Glenn completed three orbits of the eartn and was in space for four 
hours, 55 minutes, and 23 seconds. There were three more spaceflights in the 
Mercury program. The Mercury project came to a». end with the 34-plus hour 
mission of Gordon Cooper in May, 1963, on Mercury 9, 

The next human spaceflight program was called Gemini (twins). This two- 
man spacecraft program was named after the third constellation of the Zodiac 
with its twin stars. Castor and Pollux. 

The major objectives of this program were: to subject men and equipment 
to space flight up to two weeks in duration; to rendezvous and dock with 
other orbiting vehicles and to maneuver the docked combination by using the 



target vehicle* s propulsion system; and to perfect methods of re-entering the 
atmosphere and landing at a preselected point on land. 

All of the objectives in this program were met except the landing on 
land. This was cancelled in 1964 when development problems began to impact 
the programs. 

The first Gemini flight occurred on March 23, 1955, with Astronauts 
Virgil Grissom and John Young aboard. They made three orbits of the earth. 
The Gemini 4 mission on June 3, 1965, saw Astronaut Ed White become the first 
American to walk in space. White stayed outside his spacecraft for 21 min- 
utes. There were a total of ten flights in the Gemini program. Th*^*; program 
ende'j on November 2, 1966, with the Gemini 12 flight. Astronaut Edwin "Buzz" 
Aldrin set a Gemini record for extravehicular (EVA) activity on this flight: 
five hours and thirty minutes of total EVA time. 

It is important to note that during the Gemini program the Soviets were 
also making strides in their human space flight program. On June 16, 1963, 
Junior Lieutenant Valentina Tereshkova became the first woman in space. 

The Apollo program was NASA's greatest achievement. This program was 
designed to take three astronauts to the moon and allow two of them to land 
on its surface. 

The major objectives of the Apollo program were: to establish the tech- 
nology to meet other national interests in space; to carry out a program of 
scientific exploration of the moon; and to develop our capability to work in 
the lunar environment. 

The program required development of two new spacecraft, one of them cap- 
able of landing on and taking off from the moon. It also required a launch 
rocket that could lift almost 7.5 million pounds, a package of complex scien- 
tific experiments that could be deployed by two persons and a vehicle to 
extend the surface exploration. 

On January 27, 1967, a fire on the launch pad in a simulation prior to 
flight killed Astronauts Grissom, White, and Chaffee, and brought the program 
to a standstill. The inquiry into the causes of this tragedy lasted two and 
one-half months. 

However, this inquiry led to a more fireproof spacecraft. A new quick- 
opening hatch cover and other designs and procedural changes were made. 
These included greatly reducing the proportion of oxygen in the capsule so 
that the astronauts would breathe a mixture of approximately 60% oxygen and 
A0% nitrogen, rather than the former mixture that included a much higher 
proportion of oxygen which supports burning. 

There were ten Apollo flights to the moon with six lunar landings. NASA 
had intended to make ten lunar landings, but a ruptured service module oxygen 
tank on Apollo 13 prevented it from landing on the moon. Budget cuts caused 
NASA to eliminate the last two planned landings. 



On July 20, 1969, Apollo 11 landed on the lunar surface. Astronaut Nell 
Armstrong became the first human to step onto the moon. 

On July 26, 1971, the Apollo 15 mission carried a battery-powered lunar 

vehicle which enabled the astronauts to travel a greater distance from their 

lunar module to collect samples. There were a total of three Lunar Rover 
Vehicles used on the moon. All three were left on the moon's surface* 

The twelve Americans who left their footprints in the lunar dust totaled 
166 man-hours of surface exploration/ They traveled almost 60 miles and 
brought about 850 pounds of rock and soil samples back to earth. They left 
60 major scientific experiments on the moon and conducted 34 more in lunar 
orbit. 

Skylab, America's first space station, was launched without passengers 
on May 14, 1973- 

Skylab was built from the third stage of a Saturn V rocket. The hydro- 
gen tank on the third stage was converted into a spacious two-story accom- 
modation' for a three-man crew. The bottom section contained a wardroom, 
sleep compartments, and a washroom/toilet or "waste compartment." Above was 
the spacious workshop in which the astronauts could "swim" in a microgravity 
environment. The space station had about 11,700 cubic feet of room, approxi- 
mately the same as a small two-bedroom house. 

There was a total of three flights to Skylab. The astronauts stayed for 
28 days, 59 days, and 84 days. A variety of experiments were conducted by 
the astronauts while on board Skylab. 

Sixty-three seconds after liftoff, the heat meteoroid shield around Sky- 
lab was I ipped away. One solar ray panel was lost and the other was damaged. 
This delayed the launch of the first crew to Skylab for 11 days so that 
repair techniques could be developed and tested before astronauts docked with 
the station. 

The third Skylab crew's time in the station was extended from 56 days to 
84 days so that the crew might observe and study comet Kohoutek up close. 
This crew set a record for time for American astronauts in space--84 days, 
which still stands today. 

The third and final manned Skylab mission ended with a splash-down in 
the Pacific Ocean on February 8, 1974. The space station re-entered the 
earth's atmosphere over five years laber, at 12:37 p.m. EDT, July 11, 1979, 
near southeastern Australia. After over six years in space the demise of the 
orbital workshop came on its 34,981st orbit. 

A fitting conclusion to the Apollo-type mission was completed on July 
24, 1975, with the completion of the Apollo-Soyuz Test Project (ASTP). 

The primary ASTP mission objectives were: rendezvous and docking; crew 
transfer, and control center-crevs interaction. 
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The mission plan was for a Russian Soyuz spe:ecraft with two cosmonauts 
aboard to be launched, and seven and one-half hours later a Saturn IB was 
launched with three astronauts on board. Two days after launch, the two 
spacecraft docked together in space. During the next two days, the crews 
accomplished four transfer operations between the two spacecraft and com- 
pleted five scheduled experiments. In addition, the crews provided televi- 
sion views of the interiors of the two spacecraft, and demonstrated various 
aspects of space operations. 

This mission marked the first time that voice, TV, and telemetry data 
transmission were relayed between an orbiting Apollo spacecraft and the 
ground via the ATS-6 communications satellite- 

Even before the giant 
Saturn V vehicles had com- 
pleted their mission of 
sending astronauts to ex- 
plore the moon, the need 
for a less expensive large 
launch vehicle had become 
obvious. In ati effort to 
lower costs, NASA chose to 
employ a dramatically dif- 
ferent concept, a reusable 
space vehicle. Hence the 
birth of the Space Shuttle, 
or Orbiter--a craft that 
takes off like a rocket, 
flies in space like a 
spacecraft, but returns to 
the earth and lands like a 
gl ider. 

The big advantage is 
the reusability of the Or- 
biter. NASA engineers plan 
on being able to reuse each 
Orbiter for at least 100 
missions. 

The first flight of the Shuttle (named Columbia) occurred on April 12, 
1981, with Astronauts John Young and Robert Crippen at the controls. The 
vehicle completed 35.6 orbits of the earth and landed safely at Edwards Air 
Force Base in California. The first four flights of the Shuttle were test 
flights, designed to check out the performance of the spacecraft. The second 
Shuttle flight became the first time a previously flown piloted space vehicle 
was re-used. 

The first operational flight of the Shuttle was the Space Transport Sys- 
tem (STS) 5 mission, launched on November 11, 1982. It was the first time 
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four astronauts had been launched in one vehicle. Two commercial communica- 
tions satellites were launched from the payload bay of the Shuttle, 

On April 4, 1983, t^^e second Shuttle Orbiter, Challenger, was launched 
with the STS-6 flight. Astronaut Story Musgrave tested a new space suit by 
doing an EVA in the cargo bay. 

On June 18, 1983, STS-7 carried the first American woman into space-"Dr. 
Sally Ride, Dr, Ride, a mission specialist, and four other crew members per- 
formed tasks with the remote manipulator arm. 

Astronaut Guion Bluford, on August 30, 1983, became the first American 
black astronaut to fly in space, aboard STS-8, A total of six people made up 
this crew. The Shuttle for the first time was launched at night and returned 
to the earth at night, 

Spacelab, a European-made scientific lab, was flown for the first time 
aboard STS-9, The first non-NASA American astronaut, Ulf Merbold from West 
Germany, flew with Spacelab, 

There are many more flights scheduled for the Shuttle through the 1980' s 
and into the 1990' s. 

The question many people ask is, "What's next in the space program?" 
President Ronald Reagan, on January 25, 1984, committed this country to build 
and launch into earth orbit a large space structure (space station) by the 
early 1990's, This will probably accommodate six to eight people from six 
months up to a year. These space station crewmembers will have a variety of 
tasks to perform while In orbit, in addition to building the structure 
itself, in which many experiments and research projects can be conducted. 

There has been talk of erpcting a permanent lunar base on the moon's 
surface by approximately the year 2000, This base would be used for long- 
duration scientific research on the moon. 

Probably the next step for human space flight after the projects such as 
the space station and the lunar base will be a flight to the planet Mars, 
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HISTORY OF HUMAN SPACE FLIGHT 



Match the events listed below with the year in which the event occurred. 
Note: one of the dates can be used two times. 

(a) 1983 (e) 1971 (i) 1963 (m) 1974 

(b) 1865 (f) 1959 (j) 1961 (n) 1968 

(c) 1965 (g) 1962 (k) 1975 

(d) 1973 (h) 1981 (1) 1969 

1, Neil Armstrong and Edwin Aldrin, Or., became the first people to 

set foot onto the inoon's surface. 

2. The Space Shuttle was launched for the first time with Astronauts 

John Young and Robert Crippen aboard. 

3. Sally Ride was the first American woman to fly in space, aboard 

STS-7. 

4. John H. Glenn, Jr., was the first American to orbit the earth. 

He completed three orbits in Friendship 7. 

5. Edward White II made the first U.S. spacewalk during the Gemini 4 

mission. 

6. The first American astronaut in space, Alan Shepard, made a 15- 

minute suborbital flight in Freedom 7. 

7. Skylab, America's first space station, was launched and three 

different crews worked and lived in a microgravity environment. 

8. Apollo-Soyuz, the joint U.S. -Russian spaceflight was launched. 

9. Gordon Cooper, Jr., flew on the last Mercury f 1 ight~-Mercury 9. 

10. The Lunar Rover Vehicle, the car used on the moon, was first used 

on Apollo 15. 

11. Apollo 8 was the first flight to the moon. Astronauts were in 

orbit around the moon on Christmas Day. 

12. The last crew of astronauts who visited Skylab splashed down in 

the Pacific Ocean on February 8. 

13. Monkeys Abel and Baker flew in space to test the effects of 

weightlessness on living creatures. 

14. Yuri Gagarin, Russian cosmonaut, became the first human to fly in 

space. 

15. Jules Verne, in his novel, "De la Terre a la Lune" (From the 

Earth to the Moon), put his passenger into a huge aluminum bul- 
let, fired toward the moon from a giant cannon buried in Florida 
soil . 
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LIFE-SUPPORT SYSTEMS FOR THE ASTRONAUT 



When astronauts travel into the hostile environment of space they must 
take everything they need to keep them alive and comfortable, and to return 
them safely to earth. 

The spacecraft they ride in is a life-support system. It was developed 
to provide the conditions necessary to support life in a hostile environment, 
and to maintain communication with earth. 

The atmosphere aboard the spacecraft must be controlled so that it 
provides an adequate breathing mixture under sufficient pressure. The oxygen 
that the astronauts breathe is carried in a liquid state and is converted to 
a gas when it is needed for breathing. The early missions used pure oxygen 
at 5 pounds of pressure per square inch. As the missions were extended to 
longer periods, such as Gkylab, a mixture of oxygen and nitrogen was used. 

The water supply must be managed to provide adequate amounts for drink- 
ing, personal hygiene, and humidity and temperature control. On some 
missions where electricity was produced by hydrogen fuel cells, the water 
produced by the cells was collected and used for personal needs. 

The food the 
astronauts take with 
them must provide 
adequate nouri shment , 
be appetizing, light- 
weight, convenient to 
use, and require very 
little space. On the 
early missions there 
was no refrigeration 
for food. 

As the space- 
craft begins to heat 
up it is necessary to 
maintain a comfort- 
able temperature in- 
side for the astro- 
nauts. In the Skylab 
program an air-condi- 
tioning system was 
developed to reduce 
the high temperature 
aboard . 




Waste collection equipment and facilities a^f. designed to overcome the 
microgravity environment. A method for storing wastes for later scientific 
analysis also is necessary. 

Methods were devised and facilities proviced for exercising, brushing 
teeth, shaving, washing, and accomplishing other personal hygiene tasks. 

Instrument panels to measure and record many subsystems such as pres- 
sure, electric power, temperature, etc, and to warn of any malfunction are 
needed. Astronauts have to be trained to operate the many controls on each 
spacecraft. 

It is necessary for mission control to communicate with the spacecraft. 
Information has to be collected from the astronauts as well as from the many 
instruments on board the craft. 



The space suit, another form of life- 
vide an artificial atmosphere. The suits 
spacecraft for a period of time. 



k-'t 




support system is designed to pro- 
enable the astronauts to leave the 



Another problem 
had to be handled--that 
being the ability to 
re-enter the earth's 
atmosphere. The space- 
craft must have some 
degree of maneuverabil- 
ity, and also be de- 
signed to reduce heat 
generated by the fric- 
tion of re-entry. The 
early spacecraft had a 
heat shield that burned 
off during re-entry. 
The Shuttle has a new 
silica heat tile that 
is not destroyed during 
re-entry. This enables 
the craft to take very 
little turnaround time 
before the next launch, 
because the heat tiles 
do not need to be 
replaced. 
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FOOD FOR HUMAN SPACEFLIGHT 



On February 21, 1962, Astronaut John Glenn became the first American to 
orbit the earth. His mission lasted nearly five hours before splashing down 
in the Atlantic Ocean. Glenn completed three trips around the world* 

Among the tasks Glenn had to perform while in orbit were the first 
American space experiments in eating food in the weightless conditions of 
earth orbit. The flight was too short to make eating a necessity, but future 
flights were expected to last many days and even v^aeks. His experience would 
help design space food systems for future missions. 

Eating in space for Glenn turned out to be an easy, though not a very 
appetizing, experience. Some experts were worried before the flight that 
food would be hard to swallow in a weightless environment and would collect 
in the throat. Eating in weightlessness turned out to be relatively easy, 
and once the food reached the mouth, there was no problem in swallowing it. 
The Mercury astronauts who followed were forced to endure bite-sized cubes, 
freeze-dried foods, and semi-liquids in aluminum toothpaste-type tubes. They 
found the food unappetizing, had trouble rehydrating (adding water to) the 
freeze-dried foods, and disliked squeezing the tubes. Furthermore, crumbs 
from the bite-sized cubes had to be collected from the space vehicle cabins 
to prevent them from fouling instruments. 



GEMINI 

During the Gemini missions eating in space became more normal. Bite- 
sized food chunks were coated with an edible gelatin to reduce crumbling. 
Foods that had to be rehydrated were encased in improved plastic containers. 
To rehydrate food, water was injected into the pack through the nozzle of a 
water gun. After kneading the contents the food became moist and was 
squeezed through a tube into the astronaut's mouth. 

A typical meal on a Gemini mission would include shrimp cocktail, 
chicken and vegetables, toast squares, butterscotch pudding, and apple juice. 
Before each flight, meal combinations were chosen by the astronauts them- 
selves, but the menus chosen were required to provide 2,800 calories per day 
and include a balanced diet of vitamins, protein, carbohydrates and minerals. 



APOLL O 

In the Apollo program, food packages were similar to those used on the 
Gemini missions but the variety of food was considerably greater, Apollo 
astronauts had the added luxury of heated water for hot c.-inks and hot foods. 
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With hot water available, food was easier to reh>drate and much improved in 
taste. 

Further advances in Apollo food systems came with the introduction of 
the "spoon-bowV package. Following rehydration of the contents of the 
spoon-bowl, a pressure type, plastic dipper was opened and the food removed 
with a spoon. The moisture content i.i the food enabled 1t to cling to the 
spoon as there was no assistance from gravity. 



SKYLAB 

Skylab food systems were much improved over systems used in Apollo, 
Gemini and Mercury. Skylab featured a large Interior volume, and space was 
available for a dining table. The table was a pedestal where food trays were 
mounted. When dining, the astronauts would "sit down" in space by means of 
foot and thigh restraints and eat in an almost normal fashion. The food 
trays not only held the food in place but also served as warming devices as 
they were connected to a heating system. 

Food containers for the Skylab astronauts consisted of aluminum cans 
with pull-off lids. Cans containing food had a built-in membrane to prevent 
spillage when removing the lid in weightlessness. Rehydratable foods were in 
a plastic pouch within the can and had a water valve for rehydration. Ready- 
to-eat foods were held in the can with a slit plastic cover* Instead of 
plastic bags, Skylab drinking containers were collapsible bottles that ex- 
panded accordian style when filled with hot or cold water. Some water bags 
used for backpacking and camping are very similar. 

Knife, fork and spoon were held magnetically to the food tray until 
needed. A pair of scissors was added to the usual utensils for cutting open 
the plastic membranes. 

Because of its relatively large storage space, Skylab was able to fea- 
ture an extensive menu of 72 different food Items. For the first time Skylab 
had a freezer for foods such as filet mignon and vanilla ice cream, and a 
refrigerator for chilling fruits and beverages. The astronauts, working with 
doctors, were able to plan their own menus. 



APOLLO-SOYUZ 

The Apollo-Soyuz Test Project with the Soviet Union in 1975 used the 
last Apollo spacecraft. Because of the craft design, no freezer or refriger- 
ator could be used. However, many of the food advances from Skylab and the 
earlier Apollo missions were incorporated. Many short shelf-life items were 
added to the foods carried. Fresh breads and cheese were included as a part 
of 80 different varieties of food eaten by the crew. 

21 
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The Apollo-Soyuz Test Project was a five-day mission for the Russians. 
The American portion was for seven days. 



SPACE SHUTTLE 

The Shuttle menu was designed to provide nutrition and energy require- 
ments essential for good health and effective performance with safe, highly 
acceptable food. 

The system centers around a galley that has been installed on the mid- 
deck of the Orbiter's cabin. The galley can be removed for bpecial missions 
that require extra interior space. It features hot and cold water dispen- 
sers, a pantry, an oven, food serving trays, a personal hygiene station, a 
water heater, and an auxiliary equipment storage area. The galley does not 
have a freezer or a refrigerator as in Skylab. 

Meal preparation on the Shuttle is started by a crew member 30 to 60 
minutes before mealtime. A full meal for a crew of four can be set up in 
about five minutes. Heating and reconstitution of the food takes an addi- 
tional 20 to 30 minutes. The "chef" removes meal packages from storage and 
makes the necessary preparations before serving. Food needing rehydration is 
given hot or cold water in premeasured amounts. Water for rehydration comes 
from the Orbiter's fuel cells that produce electricity by combining hydrogen 
and oxygen gas. Water is a by-product. 

To simplify food packaging, a new rehydratable food pack was designed 
for the Shuttle. To add water, a large-guage hollow needle is inserted 
through an opening in the base. 

Food that needs to be heated is placed in a forced air convection oven, 
another new feature for space flights. 

Beverage containers for the Shuttle are identical to the packages for 
rehydratables. A polyethylene straw is inserted through the same Dlace that 
is used for injecting water. 

Eating utensils consist of a knife, fork, spoon, and a pair of scissors 
for cutting open packages. Food can be seasoned with serving-sized packets 
of mustard, catsup, mayonnaise, hot sauce, and liquified salt and pepper. 
Following the meal, food containers are discarded within the Orbiter and the 
utensils and serving trays are cleaned with "wet wipes." 



WARDROOM EATING FACILITIES 



stowage 
I" locker 



InterccK station 
Window 



/ freezers 



Food iny Tissue 
lid stowage- Dispensers 



Lid-to-tray 

push button Istch 



Food tray 
'l^'y^^ Indicator light 



Hot and 
wardroom 
water dispense 
valves 



Food tray 
(lid remi 



ViewifiQ windo. 

Hagnets on tray top 
reta in utens *" \ S 




light (greei) 

Hojrs re-Tialnirg 
timar (12-hr KUix-^ei 
1n J hr iRcrerrsnts / 

Tray/ table mountir.g 
latches 



Reconsli tutio' 
drinking pet. 



Pull-top lie 
(riexible mcr-- 
brand holds 
food In can 
aUer lid it 
removed. Pjddinq 
cans do not cor, tain 
membranes) 



Water supply port 
(frocr. water chiller) 



Small food can 



Pudding can 
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Read the Information on "Food ^or Human Spaceflight," then answer the 
following questions. 

1. Before the Mercury astronauts flew in space, what did some experts think 
would happen if people tried to eat in space? 

2. What coating was used for bite-sized food chunks on Gemini? 

3. Why did the food need to be coated? 

4* What types of tubes were used to store food in on Mercury missions? 

5. What was used in Gemini to add water to food packages? 

6. How many calories were required to be eaten by the Gemini astronauts 
each day? 

7. On what mission did the astronauts first have heated water? 

8. How were "spoon-bowl" containers opened and closed? 

9. A dining room table was first used on the 

mission. 

10. The astronauts would "sit down" in space by means of 

and restraints. 

11. What would be a better description than "sit down?" 

12. Food containers on the Skylab missions consisted of 

cans. 

13. What kind of drinking containers were used on Skylab? 
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14. 



How were eating utensils held in place on the Skylab food tray? 



15. How many different food items were on the Skylab menu? 



16. For the first time Skylab had two new units added to assist in the food 
program. List them. ^ and . 

17. Fresh bread and cheese were first flown on what mission? 



18. What is the center of the Shuttle's food preparation set-up? 



19. Does the Shuttle carry a refrigerator or freezer on board?_ 



20. Water that is used for rehydrating the food on board the Shuttle comes 
from 

21. What type of salt and pepper is used for seasoning food aboard the 
Shuttle? 



22. Why are the salt and pepper in this form?_ 



(FULLY CUUAP^^) 



?.5f CUBIC IHCHES 








• J.5C 





TOIAL UIKIH VAPIES FROf, 1.5J To 5,90 
KITH m\m FOOD VOUUCS 



KVEWGE PACM&E 
(FULLY EXPMDD; 
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WARDROOM EATING FACILITIES 
TABLE AND TRAY 




APOLLO XI (ARMSTRONG) 



OAV V.5 



B«cort Squares (8) 
Strawberry C'jt*j (4) 
Grape Drm* 
Or*f\ge Drin» 

Beet *f\dPot«TOW' 

BfOwn^^5 (4) 
Grape Punch 



Salmon SaloQ 
Ci^iCicen and Rice' * 
Sugff' Cookie Cub« (6: 
Cocoa 

Pine*pple'Gr»pefruH Dnnr 



FfuiT CocUa' 

Sausage Par.'ei.** 

C«nn Toast Breao Cube^ (4) 

C0<0J 

Grapefruit Dnm 
Frar^K^urtefi*** 

Chocolate Pudd n^ 
Orang^Grapelrui; D^in* 



Spaghetti/Meat Sauce " 
Porx/Scaliop Potatoes' * 
Pineapple f ruitca^^e (<' 
Grape Punch 



Peaches 

Bacon Square- 

Apricot Cerea :ob«(4) 

Grape Drinit 

Orange Drink 

Cream of Chicken Sotfp 
Turkey/Gravv **• 
Cheese Cracice' Cubes (6) 
Chocolate Cube^($) 
Pineapple 'Graperruit Drm»^ 

Ton* SalatJ 
ChiCKcnStev.*' 

Stftterscotc^ Pudding 
Cocoa 

Grapefruit Dnn^ 



C«nad<ar. Bacon Appievauce 
Sugaf C0ite<i Corrv f laies 
Peanirt Cub«(4) 
Cocoa 

Orange-Grapefruit Drink. 

Shrimp Cockts ' 
Hanf^ana Potatoes* ** 
Fruit Cocktai 
Dale ^ruitca^-tW) 
Grapetruit Drini 

Beet Stew*' 

Coconut Cubes W 
Sinans Pudding 
Grape Punc^^ 



03) 1 consists of Mea' B and C only 
Spoon-Sow' Package 
Wet-PacK Fooc 



SKYLAB 



D^^ 



ScrannDied Cgpv 
Sausage Pa:tiei 
StraAoevie^. 
B'ead ji'^ 

CcHeV 



Cc'r^'^.a-'O' 

C•^^'.c■8:e instant B'ea'las: 

G'apf D':r. 

CcHe? 



Scrampiea Eggs 
Sausaoo 

BiSCi; ' 

Genet 



Cnice" ano Gr«.. 

B'scu!: 
uemonflOf 



Crea- c' ^cu\z Sojc 
Pre-DJUerec 

Pe^c^e^: 

Uerr-cnaOf 



Cfea**' 0^ Pota!: 5»ojr 
Pc'» 'Sca'iCtMK: f'otatc'e; 
Greer Beans'Cneeie Sa^c 
Pes'v 

Crape Drm. 



veai'ba'Deoje Sa-cc 
Mashec Potatoes 
G^ee'' Beans Cieesf Sa^ 
Pea:*- ^^cos a ^e;a-: 



Bjtte'stct."- ^j6a n: 



Flip; f»'ig'>o'" 

Ge'ma- Potato Saiae 

Pea-; 

B.s:^ ■ 

Coccc 

C ar>- C ' 



Lobste* Ne^vDe'c 
Masne^ Potatoes 
Asoa'acuv 
Ve'^' a v'va'e'v 
v«n. a 'ce C'efl"* 

L OnaO^ 
Cc*^?'' X . 



Activity: Read Food for Human Spaceflight and the sample menus. On the Sky- 
lab menu, place the appropriate symbol beside each food: 

T = Thermostabilized; 

W = Wafer or Bite-size; 

F = Frozen; 

R = Rehydratable; 

B = Beverage. 
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APOLLO-SOYUZ FLIGHT MENU 



Nil Aw Ua^ T 1 r 3i V 




DAY 2 6 1C 




DAY 3,7, It'* 




DAV 4 f 




A BreSKftll roll 




Scrambled eggt 


R 


GranolB 


R 


Scrambl^d eggs 


R 


Raiiinipicecerea' 


R 


6a:on walefi(4) 




Beet pantes 


R 


Sausage patties 


R 


Pe»cnes 


R 


Stfawbernei 


R 


Dried peacn« 


C 


Pineappte 


TC 






G^apetruit Cryitali 








Orange drir\> 


f. 




R 


Tea. lemon'iugs' 


R 






Coffee, creaiTL'Suga' 


R 


G Pea voup 


R 


ChiCKen Mlad 


TC 


Turkey. nee 40up 


R 


Potato soup 




SftlmO'- 


TC 


CraCKerj 


Nf 


Chewecrackerj 


Nf 


Beet shceVBQO sAuce 


TD 


Rye b^eac 


NF 


Che«e Slice 


Nf 


Peanut butie* 


TP 


Cheese spread 


TP 


Dried apricou 


C 


Applesauce 


TC 


Strawberry j»fr. 


TF 


Rye Dreac 


Nt 


Smoked alrnondi 


Nf 


Orange cryiiaii 


R 


Rye b'tad 


Ni 


peach ampros.c 


R 


Lemonade 


R 






Tea. lemon-sugar 


R 


Strawberry dnnt 


R 


C Shrimp COCMS 


R 


Saalood 'mushroom sOup 


R 


Shrimp cockia^' 


R 


Seafood mushroom sOup 


R 




TP 


futeatbaiiv'BBOMuce 


TP 


ChiC<en aio king 


TP 


TurKeygra* . 


TP 


Creamea ccr 


R 


POia!o parties 


R 


peas 


R 


Cranbe'r, sauce 


TC 


\/anitiA puc5d'n3 


TC 


Stewed tomatoes 


TC 


Pea^s 


R 


Brownies 


N' 


0 range 'pi nCBppie d'''^* 


R 


Crieff nu: coke 


TF 


Chocolate nutcaKe 


TP ■ 


Grapetruiiarin» 


R 




Strawberry drink 


R 


Orange/pineapple dnnr 


R 


peanuts 


igr 


• Da. 1 consiits 0- Mea' C oni> 






NaiurBiform 








" Da* 1 "I conjivU of Meals A ana B O'*'* 




C 




Car 












TP 




Thcrmo»tab«iized. povc*- 








10 aa« fooo iupp;» 




TC 




rnermostabi'Tfro can 












R 




Renydratab!€ 








Identify foods that 


provide protein, 


vitamins, fiber, 


and 


carbohydrates 


in 


each day's meals. Make 


a chart or table. 


Why are each 


of these important? 





ASTP FLIGHT MENU 

The following menus were selected by the Soyuz cosmonauts for joint meals 
aboard Apollo: 



V3.^• , N Kubas:'. 



Potaic soor 
Bee^ stes' I 
p.%e D-eac 
C^ees? sD'pac 



Sesfooo musf^roo?^ souc 
Bee^ stea' (' 

C-^ecse sD'ea: 



TntT-Tosiati zee d: 

Thp'mDSiaC 
irrad.«te-ci 



Imagine you were a guest on Apollo. From 
page design a nutritious, balanced meal 
three of the following forms: NF, R, TP, 



the foods available on the previous 
which includes food with at least 
T. 
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BEST zm 



ERIC 



TYPICAL MENU FOR THE FIRST FOUR SHUTTLE FLIGHTS* 



DAY 1 




DAY 2 




DAY ? 




DAY^ 




PcacHei 


T 


ApplevBuce 




Dried peaches 


IM 


Dried apricots 


If/ 


Bwf party 


R 


BWl jerfc> 


NF 


Sausage 




BreaKfasi rol' 




Scrambled tgoi 


R 


Grano:a 


R 


Scrambled eggs 


R 


Grar^oli w/biuebe'fiei 


R 


Bran ilak^e^ 


R 


Breakfast rol 


NF 


Cornflakes 




Vanilla instant breakfast 


B 


Ccxoa 


B 


Chocolate inst bfea^fast 


B 


Co<oa 


Q 


Grapefruit drmk 


B 


Ofange dnnk 


B 


Orang^rapffruit dnn>^ 


f. 


Orange«pin»apple drin*. 


B 






Frankfuners 


7 


Corned b^e< 


1 


Harr. 


T 


G' beef/picKle sauce 


T 


Turkey tetfazim. 


H 


Asparagus 


K 


Chrtrse spread 


7 


Noodievchiuer 


R 


Bre»d 


NF 


Bread 


NF 


Bread 


NF 


Stewed tomatoes 


7 


Bonanav 


FD 


Pea's 


7 


Green beanv'Drocco' 


R 


Pearj 


FC 


Almond crunch ba* 




Peanuts 


NF 


Crushed pneapple 


7 


Almondi 


NF 


Apple drinv 


8 


Lemonade 


& 


Shonbrcad cookies 


N' 


Strawberry drink 


E 








Cashews 


NF 














7e*, lemon, suga' 


e 






Shfirnpco<i<ta'" 


R 


8ee(, barb*que sauce 


7 


Cream of mushroom soup 


R 


Tuna 


7 




T 


Cauliflower w/che«e 


R 


Snno>ceO tuTKe) 


7 


Macaron. and chese 


K 


Rice piia^ 


R 


Gfe<»f\ beans w^mushroofns 


R 


Mixed ltdiizn vege; 


R 


Pcasw/b'JUersauce 


K 


Broccoli au graiir 




Lennon pudding 


7 


Vanilia pudding 


7/R 


Peach ambrosia 


F 


Fruit cocktai 


7 


Pecan cootciei 




Strawberries 


R 


Chocolate puddmo 


7m 


Banerjcotch puddmg 


T 


Cocoa 


e 


Tropical punch 


6 


Lemonade 


B 


G'apednn. 


B 














T . Thermos tabili7ed 


irradiated. [1/ 


interrnedia^e moisture. FD • 


f reeie dri«<;. R . rehyd'atabie. \' ♦ natuf a' ^Ofrr 


B . bevefaot 





Note: Beginning with the fifth Shuttle flight, the menu cycles were enlarged 
to six days. 



I 

I 



c • I 
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SPACE MENU ACTIVITIES 



The crew on a spaceflight of any length of time of more than a few hours 
will require food and liquids. In the early days of spaceflight the crew 
cabin had no stove or refrigerator onboard. This meant that all food carried 
onboard had to be of the kind that required no cooking or refrigerating. In^ 
later missions a convection oven and a refrigerating system were placed 
onboard. 

Discuss with students the importance of a well-balanced meal, with a 
variety of different foods included. 

Discuss the following questions: 

• How would food be packaged? 

• What kind of eating utensils would one use in space? 

• How would you package a liquid and how would one drink a liquid in 
space? 

• How might one solve problems of eating in an environment where 
everything floats around? 

• Would there be any advantages of eating in an environment where 
things float? 

• How would you handle seasoning of food in space? 

• What would happen if foods contained a certain amount of air? 

• Is it important that the food tastes good and be pleasant looking to 
the astronaut's eye? Why? 

• How would you make the food more like what we eat here on earth? 




dealing with the problems. They 
could bring materials from home. 
They can also share their 
results and evaluate their own 
or one anothers' efforts. 



Allow students the oppor- 
tunity to discover how NASA at- 
tempted to solve these problems. 
In groups they could experiment 
with paper, plastic, and other 
materials, and try to design 
containers and other means of 



Have the students develop a 
menu for a 2-week space flight, 
first with the early flights in 
mind, then one for later 
missions. 
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DRESSED FOR SPACEFLIGH" 



Space is hostile and deadly to the unprotczted human because it lacks 
the atmospheric pressure, oxygen, and temperature control to sustain life. 
Without the filtering effects of the earth's atmosphere, the sun's heat can 
raise the temperature of an object in space to as high as 250 degrees Fahren- 
heit, and can lower the temperature to as low as 250 degrees below zero in 
the shadow. 

The first pressure suit or spacesuit was designed to be worn by Wiley 
Post (1934), a world-renowned aviator who was attempting to set a high- 
altitude record in an airplane. The suit designed and built for Post resem- 
bled the type usually worn by deep-sea divers. 



MERCURY 

One of the first true spacesuits was developed for the Mercury program. 
It was designed after the U,S, Navy's Mark IV pressure suit which was used in 
high-speed flight. The suit was worn in case the spacecraft's environmental 
control system failed. The Mercury spacecraft's design played a large role 
in the development of the suit eventually worn during a mission. 

The interior of the spacecraft was small, and the design of the craft's 
controls was such that mobility was not a prime requirement except for 
shoulder and hand movement. With the short-duration flights, waste 
management could be achieved by proper pre-f light diet and the use of a urine 
collection device in the suit* 

In the Mercury suit, oxygen was fed into the garment by a connector lo- 
cated in the torso area. The oxygen was first circulated to the extremities 
of the suit and then to the helmet for breathing. Exhaled waste bled off 
through a headpiece connector into the environmental control system where it 
was re-constituted for re-use. 

The suit was usually made of four layers of loosely fitted material. 
The outer layer was a high-temperature-resistant metallic fabric. The second 
layer was a woven net fabric which served as a restraint layer to prevent the 
suit from ballooning when pressurized. The third layer was a rubberized 
fabric designed to make the suit airtight. The inner layer next to the 
astronaut's body was a smooth soft nylon designed for comfort. 

The helmet for the spacesuit,. attached to a special neck ring, was 
padded to prevent head injury. The astronaut's communications systems were 
built into the helmet. Gloves and custom-made boots completed the spacesuit. 



3i 

-12- 



GEMINI 



In the two-man spaceflight program, Gemini, NASA faced the problem of 
developing a fully pressurized spacesuit that would allow a member of the 
crew to leave the spacecraft for varying lengths of time and to operate in a 
micro-gravity environment of extreme temperature differences. 

The basic Gemini suit had some similarity to the Mercury suit. It was a 
multilayered garment consisting of an inner comfort liner, a gas bladder, a 
structural restraint layer, and an outer protective cover. To make the suit 
easier to put on and take off, quick disconnectors were located at the wrists 
for gloves, at the neck for the helmet, and at the waist for ventilation-gas 
connections, 

A pressure-sealing zipper was added to make dressing and undressing 
easier. Body wastes were taken care of by a disposal system built into the 
suit. The basic suit was also provided with handkerchief, pencils, survival 
knife, scissors, neck and wrist dams (worn during recovery operations after 
gloves and helmet have been removed to prevent water from entering the suit), 
a parachute harness, and special built-in pockets on the arms and legs to 
hold flight books and charts. 

On the Gemini 4 mission, an astronaut left the spacecraft to become the 
first American to walk in space. For this new experience, the suit had to be 
slightli^ modified, A different extravehicular (EVA) outer layer was added to 
the basic suit as well as pressure-thermal gloves, a helmet visor with 
temperature control coating, and a sun visor. The EVA outer layer consisted 
of nylon material for micro-meteoroid protection, seven layers of aluminized 
siiperinsulation, and an outer covering of high-temperalure resistant nylon 
cloth. 

An additional change in the Gemini spacesuit was made for the Gemini 7 
flight, A "lightweight" suit was designed for use within the spacecraft 
only. Its purpose was to provide maximum protection as well as comfort and 
freedom of movement. 

The suit had a soft fabric hood which replaced the hard pre-shaped hel- 
met worn previously. The lightweight suit weighed only 16 pounds. 

The new suit had two layers of material: the inner layer was the 
pressure-restraining neoprene-coated nylon bladder, and the outer layer was 
6-ounce high-temperature resistant nylon. The new suit made it possible to 
travel in a shirtsleeve environment. 

Other changes in the Gemini spacesuit occurred on Gemini 8, The outer 
protective cover, or micrometeoroid layer, was reduced. On Gemini 9, changes 
were made in the lower portion of the Astronaut Maneuvering Un'^t (AMU), 
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APOLLO 



The Apollo spacesuit had to provide the ast'onauts with protection- It 
had to protect them from temperatures ranging f^om -250 to +250 degrees F. 
Not only did the moon explorers* spacesuits have to offer protection from 
jagged rocks and the searing heat of the lunar day, but the suit also had to 
be flexible enough to permit stooping and bending as the crewmen gathered 
samples from the Moon. 

A backpack portable life support system provided breathing oxygen, suit 
cooling, and pressurization for moonwalks lasting up to eight hours. 

The Apollo spacesuit 's mobility was improved over earlier suits by the 
use of bellows-like joints at the elbows and knees. 

From the body out, the Apollo spacesuit began with a liquid-cooling gar- 
ment similar to a pair of long underwear with a network of spaghetti-like 
tubing sewn into the fabric. Cool water, circulated through the tubing, 
transferred the body heat from the astronaut's body to the backpack and 
thence to space. 

Next was a layer of lightweight heat-resistant nomex, followed by a gas- 
tight bladder of Neoprene-coated nylon, a nylon resistant 'layer to prevent 
the bladder from ballooning, a lightweight super-insulation of alternating 
layers of thin Kapton and glassfiber cloth, several layers of Mylar and space 
material, and finally, protective outer layers of Teflon-coated glassfiber 
Beta cloth and Teflon cloth. The suit had a total of 21 layers of material 
in its makeup. 

The Apollo helmet was formed from high-strength Lexan plastic, and was 
attached to the spacesuit by a pressure-sealing neckring. Unlike the Mercury 
and Gemini helmets, the Apollo helmet was fixed and the astronaut's head was 
free to move about inside. While walking on the moon, Apollo astronauts wore 
an outer visor over the bubble helmet to shield against eye-damaging ultra- 
violet radiation. 



SKYLAB 

Skylab astronauts wore a simplified version of the Apollo spacesuit. 
The changes in the suit included a lightweight thermal micrometeoroid over- 
garment, elimination of the lunar boots, and a simplified visor shell over 
the helmet. An umbilical life-support cord replaced the backpack during 
spacewalks. 



APOLLO-SOYUZ 

Apollo-type space suits were used again for the joint Apol lo-Soyuz Test 
Project. The astronauts were equipped with an Apollo spacesuit fitted with a 
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The feces could not be flushed overboard like the liquid waste because 
of the possibility of contaminating instruments on the'outside of the space- 
craft. On Gemini flights, the astronauts used a plastic bag with a 4-inch 
circular opening to collect the feces* First the astronaut placed a germi- 
cidal pouch in the bag to prevent or reduce gas and bacterial growth. Then 
he attached the bag to his buttocks using surgical-adhesive tape. After 
defecation, he removed the bag, placed soiled toilet tissues in it, and 
pressed the adhesive surfaces firmly together. The bags were then returned 
to earth in the spacecraft. 

As in the Mercury program, Gemini astronauts ate low-residue foods prior 
to their flights and took emesis containers on the spacecraft. 



For the manned missions to the moon in the Apollo program, provisions 
had to be made for collecting, inactivating, and stowing feces for 14«day 
periods. 

The feces collection assemblies consisted of an inner bag, germicide, 
and an outer bag. The inner bag was nearly identical to and was used the 
same way as the bag in the Gemini program. After use the inner bag was 
placed in the outer bag, pressed to rupture the germicide pouch, and stowed 
in a waste compartment. The compartment was vented to space to remove odors » 




APOLLO 
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There was also a fecal containment system w - : by the astronauts under 
their pressurized suits during extravehicular ac v^ities. The system func- 
tioned like a baby's diaper to allow for emerge :y defecation. It was an 
elastic underwear with an absorbent liner around \ie fauttock area. 

There were basically two modes for collecting urine, depending on 
whether or not the astronaut wore his pressurized spacesuit. While wearing 
his spacesuit, an astronaut urinated into a detachable roll-on cuff connected 
to a flexible rubber-coated fabric bag- The urine collection systems of the 
command module and the lunar module had a basic difference- The system in 
the command module dumped the urine overboard; the system in the lunar module 
stored it to prevent contamination of the lunar surface. 

In the command module, the astronauts used either a funnel or a roll-on 
cuff receiver with a bag and an outlet for attachment to the waste management 
system. Each Apollo crewman had his own cuff-and-bag device- 



SKYLAB 

In Skylab, the waste management facilities were a challenge to space- 
craft designers for several reasons, one being the length of the missions 
(28, 59, and 84 days)- Another reason was a set of extensive requirements 
for associated medical experiments- Samples of body wastes were required to 
assess the bone and muscle changes in astronauts exposed to weightlessness 
over a long period. All solid human waste products were to be dried, and the 
residue returned to earth for examination and analysis- Daily urine :»amples 
had to be frozen for later analysis on the ground- 

The fecal/urine collector, analogous to a toilet, was mounted on the 
wall- In the weightlessness of space, the user appeared to sit on the wall, 
facing the floor. 

An electric blower provided an airflow (suction) to aid in stool separa- 
tion and draw the waste into the bag under the commode seat- The bag was re- 
moved after each defecation, weiyhed with its contents, labeled, and vacuum- 
dried in a waste processor for 16 to 20 hours. Then the bag of fecal residue 
was removed from the processor, dated, and stowed for return to earth- 
Each crewman had his own urine drawer at the base of the fecal/urine 
collector- Each drawer housed a blower unit, a centrifugal fluid/gas separa- 
tor, and a collection bag. Airflow from the blower drew urine into the cen- 
trifuge, which separated the urine from the air by providing a force which 
substituted for gravity before it went into the bag. At the end of the 
24-hour period, the crewman estimated his daily urine output- Every 24 
hours, a crewman would withdraw a 120 ml sample and place it into a freezer 
for return to earth at the end of the mission. 
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simple cover layer replacing the thermal micrometeorold layer, since no 
spacewalks were planned. The cosmonauts had "sicafandr" available in the 
event of pressure-loss in the spacecrafts. 



SPACE SHUHLE 

After the first four shuttle flights spacesuits are no longer required 
to be worn during liftoff or re-entry as on earlier space missions. Space- 
suits are required if an extravehicular activity is planned. The shuttle 
spacesuits come in three sizes— small, medium and large. The suits are de- 
signed to accommodate both male and female astronauts. No longer are suits 
tailored for individuals as in earlier programs. 

To put on the spacesuit, the shuttle astronaut enters an airlock drum 
where the suit is stored. First he or she puts on a pair of longjohns and a 
urine-collecting device. The longjohns have water-cooling tubes running 
through them to keep the wearer comfortable during the heavy outside work. 
Next he/she "rises" into the top section of the two-piece suit fastened to 
the wall and then gets into the lower part. 

The shuttle spacesuit is a remarkable feat of engineering. A built-in 
backpack in the upper section contains a miniature life support system simi- 
lar to the shuttle's system. The backpack contains oxygen for circulation 
through the helmet and the inside layer of the space suit, a fan to move the 
air, a small lithium hydroxide canister with a layer of charcoal to remove 
carbon dioxide and other unwanted gasses, water and a pump to dispatch it 
into the tubes in the longjohns, a unit to cool the water and get rid of the 
heat from the astronaut's body, and batteries to power it. There is even a 
water purifier, so drinking water can be sipped inside the helmet. 

The suit has a series of layers. The basic layer is an inflatable blad- 
der that is filled with oxygen to create a uniform pressure around the body. 
A restraint layer of dacron-polyester over the bladder prevents it from bal- 
looning. Next are several layers of fireproof fabric and flexible metal to 
provide insulation against radiation and temperature changes in space. A 
layer of hard metal joins the top and bottom sections of the spacesuit into a 
unit. 

A new and exciting piece of equipment has been added to the shuttle 
spacesuit. It is called a Manned Maneuvering Unit (MMU). The MMU is a one- 
person, gas-propelled backpack that snaps onto the spacesuit 's portable life 
support system. Rotational and translational hand controllers allow the 
crewmember to fly with precision in or around the shuttle's payload bay or to 
nearby free-flying payloads or structures, and to reach many otherwise inac- 
cessible areas outside the orbiter. 



SPACE SUIT/LIFE SUPPORT SYSTEM 
OR EXTRAVEHICULAR MOBILITY UNIT 
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The "Dressed for Spaceflight'' unit will help ^ou find the answers to 
these questions. 

1. Who was the first pressure suit designed for? 

2. How many layers are there in a Mercury suit? 

3. What was added to the Gemini suit which made it easier to put on and 
take off? 

4. Why did the space suit on Gemini 4 have to be modified? 



5c When was the Gemini "lightweight" suit first used?. 



5. What did the Gemini "lightweight" suit allow the astronauts to do? 



7. The Apollo space suits had to be flexible enough to allow the astronauts 
and . 

8. How long could astronauts stay out on the moon? 

9. In the Apollo space suit, what purpose did the longjohns serve? 



10. How many layers did the Apollo suits contain? 

11. Why was an outer visor worn over the helmet during moon walks? 



12. What was eliminated from the Apollo type suit for Skylab missions? 

13. Why was It eliminated? 
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WASTE MANAGEMENT SYSTEMS 
FOR HUMAN SPACEFLIGHT 



For astronauts to live comfortably and safely 1n the closed environment 
of a spacecraft, the management of human waste Is among the life support 
functions which must be carried out efficiently, A spacecraft's waste man- 
agement system must ■ be reliable, sanitary, and psychologically acceptable to 
the crew. Systems to handle crew members' bodily wastes have evolved from 
simple assemblies used on Mercury flights to the present-day complicated 
equipment on board the space shuttle orbiters* The systems have becoi^ie 
easier to operate and more earth-like, a feat difficult to accomplish in the 
zero gravity of space, where materials and liquids tend to float about in a 
state of "weightlessness." 



MERCURY 

When Mercury flights began to extend into durations of over an hour, 
provisions were made for handling human waste matter. Astronauts wore a 
urination bag contained in their spacesuits. On the flight of Mercury- 
Atlas 9, which lasted more than 24 hours, astronauts used a waste management 
system made up of two units, a urination bag and a storage bag with a 
syringe-pump and hose. The syringe provided pressure to draw the urine from 
the in-suit bag to the storage bag. 

Bags for defecation were not provided for any of the Mercury missions. 
Crewmen ate a low-residue diet for three days prior to launch so they would 
not have a bowel movement. They carried emergency containers for emesis 
(vomiting), if vomiting should occur, on each of the Mercury missions. 

During the Gemini program, astronauts used a system similar to that used 
in the Mercury program. It consisted of one urination bag for use during 
launch and another for use in-flight. The bag used during launch was 
Y-shaped- It fit on the inside of the spacesuit around the pelvis. The bag 
had two openings, one with a fitted rubber sleeve that the astronaut attached 
to his body, and another opening used for emptying the bag. The waste was 
dumped overboard the spacecraft through an overboard dump system. 

The other system was used after the astronauts attained orbit. It was a 
flexible bag with a roll-on rubber sheath. The voided urine was then vented 
overboard. 

Gemini missions 7 and 9 had a sample valve which allowed the astronauts 
to draw off a specimen of urine for medical examination back on earth. 



APOLLO-SOYUZ 



During the Apollo-Soyuz Test Project, the joint U,S.-Soviet space flight 
to test international rendezvous and docking techniques, American crewmen 
used the same waste management systems developed for the lunar program. This 
was because the same type of spacecraft, the Apollo command module, was used 
for this mission. 

The Soyuz spacecraft used by the Russians was a rather crude craft com- 
pared to the Apollo spacecraft. It had very few comforts of home. According 
to the astronauts, the Soyuz waste system did not always do a proper job. 



SPACE SHUTTLE 

The system for disposing of human wastes is even more sophisticated on 
the space shuttle orbiter than it was on Skylab, However, medical samples 
are not normally taken, a function which complicated the Skylab system. 

On the space shuttle, women flew as astronauts for the first time in the 
American space program. Consequently, the orbiter was designed to collect 
and process biowastes from both male and female crew members. 

The orbiter 's waste collection system has a set of controls that are 
used to configure the system for various modes of operation, namely: urine 
collection only, combined urine and feces collection, emesis collection, and 
combinations of those. The system consists of a commode, or waste collector, 
to handle solid waste, and a urinal assembly to handle fluids- 

The waste collection system may be used in both zero gravity and in a 
one-g (earth) environment with the orbiter in the horizontal position. 

The urinal is used by both males and females, with the user either hold- 
ing the urinal while standing, or sitting on the commode with the urinal 
mounted to the waste collection system. A contoured cup with the urinal pro- 
vides a good seal with the female crew member's body. 

During urination, an airflow draws the urine into a fan separator, which 
separates the waste water from the air. The fluid is forced along into a 
tube leading to the waste water storage tank. The air is drawn out of the 
chamber by a blower and returned to the orbiter cabin after being filtered to 
remove bacteria, dirt and odor. 

The commode is also used for collecting both feces and emesis. It has a 
capacity for storing the equivalent of 210 person-days of vacuum-dried feces 
and toilet tissue. It may be used up to four times per hour, and may b2 used 
simultaneously with the urinal. 

To operate the collector during defecation, the user positions self on 
the commode seat. Hand holds, foot restraints (used in conjunction with suc- 
tion cup shoes), and waist restraints (similar to car seat-belts) help the 



user maintain a good seal with the seat. The cr- Tiember used the equipment 
like a normal toilet, including tissue wipes. T' . tissue is disposed of in 
the commode • 

An air flow draws a solids/air mixture 
into the commode, A rotating slinger shreds 
the feces and flings it onto the commode inner 
wall, where it adheres in a thin layer. The 
tissue does not shred, but slides up and over 
the rotating tines, adheres to the inner 
walls, and is stored with the feces • 

The commode is used in a slightly differ- 
ent manner for the disposal of used emesis 
collection bags. A bag containing vomitus is 
sealed with velcro, and deposited into the 
commode. The user changes the mode of opera- 
tion so that the slinger rotates at a slower 
rate. The tines stay folded, and the bag has 
a clear passage. Air flow and the rotating 
slinger move it into the storage container. 

The same type of bag may be used as a 
backup to the waste collection system for 
fecal collection. The bag is attached below 
the commode seat and expands into the commode 
volume. After use, the bag is released into the commode opening where air 
flow moves it into the storage area. 

Everything stored in the waste collector— feces, tissues and fecal and 
emesis bags--is subjected to vacuum drying in the collector and is returned 
to earth. 



WMTI COLLKCTOR 




4i. 

-32- 



Read the description of the Waste Management Systems used in space- 
flight, then answer the questions below, 

1. What are the three main requirements a waste management system must 
meet: , , and . 

2. On a Mercury mission only one form of human waste had to be handled. 
Name that form. . Why only one? 



3. What is ernes is? 

4. On Gemini missions what was the shape of the urine bag used during 
launch? 

5. On the Gemini missions, after urine was eliminated from the astronaut's 
body, what happened to it? 

5. On what missions were the first samples of urine collected for medical 
examination? 

7. What type of bag was used on Gemini to collect the solid waste material? 



8. How long were the Apollo missions? 



9, During extravehicular activities the Apollo astronauts wore a fecal con- 
tainment system under the pressurized suits. It looked like a 

» 

10, Why was urine not dumped overboard the lunar module while it sat on the 
moon? [ • 

11. Why were body waste samples needed on Sky lab? 



12. How much urine was saved each day by each astronaut to be returned to 
earth for medical study? . 



13. In Skylab where was the toilet located? 



14. What type of waste management system was used by U.S. astronauts on the 
Apollo-Soyu2 mission? • 

15, The shuttle orbiter's waste management system was designed to accommo- 
date both and crew members. 
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16. 



List the two basic units of the shuttle's was. management system: 

and 



17* Can the shuttle's waste management system ti used in an earth environ- 
ment? . 

18* How many days of vacuum-dried feces and toilet tissue can the shuttle's 
system store? . 

19. How many times an hour can the shuttle's waste management system be 
used? . 

J?0* What is provided on the shuttle's conimode to ensure the user stays in 

contact with the commode seat? , 

and . 

21. Design your own waste management system for a spacecraft which would be 
operational for over a month. Include drawings and written descrip- 
tions. 
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Kin> HawK and Antarei jta^ time 33 3*!. Sneoara b'^c 
Mucne EtAs44&and4 35 samples 96 pojnov 34 revs USi 
Nevs O'lf ans (c; 



ApollO-iatU'r^ IS 



Scor, WCi'df irvttr Ju!, 26 AuS 7 19'' 



Endea-o-j* and Faico"" first use of luna* rovmc vehicie sta. 
time 66 ii. SconsuncjpE\ ^ 23 mmmes S;or. anc I'v. - 
As 6 33 7 ii ana 4 5C Wo-df- fa-s-e^t- E ^ 3fc r* ' 
samp-es 17 J poofioi 74 revv USS 0"f<atNa 



Apo' : Satu-' i€ 



>0J'»; r/.af.-'".? . 



Ap' ^9" 



Caio°*anc 0' c sta. ti"^*- ' C2 Ypjipd'oL 
' • 2 3 a-^c i 4: N'att "? . I'a-s-ef-:' ; . ^ 



c c , r.< 



Ce'na- t.a-v S;-'- f 0*. 'S-* 



t-^"' .s a-a C-s f"^??- it?. t"^e 75. C: C«»".i" ^ --c S"^" 
f .-t ' '? 7 37 ans ^ '5 L.a^i t'a'^s-eat' : .-^ " C-t. 
vamp OS 243 poonoi 7^ 'e.s t'S5 Ticc^oe'c-s-^ 



Skyiat • 
SKyiat ? 

SKyiac 2 



Lauricne<3 V.a, k 
1973 



Cor^rad We't2. Ker//i' Ma> 25.june 22. 1973 



Bea*-, Lous'nt; ;ui) 28«Sept 2S 1973 

Oa'ricr 



28 days 
49 mm 45 se: 



59 da>s 
11 h's 9 mm 4sei 



tOD-tO" space stat'Of^ visited b> tmee cre//s Re-er^tereo 
atmosphere 7.^1.79 on orbtt 34,981 

Repaired Sryiafc. 404 orbus, 392 experiment nou's three- 
EVAstota' S hi-s 34 m.- USS Ticor^derpga {P| 

Pcrlor'nd-^<e maintenance, 856 orb-ls. 1.08^ e«penme''' 
hours, three EVAs tota 13 h's 42 mi- USo News Oriea-^s (p, 



S»viafc4 



Ca" PoQae Gitrto- No. it 1^73- 

Fet 6 197< 



84 davs 
1 h' <b 3 1 se: 



Owe'vecj Comet Konoute* i,2i4orpns 1.563 eitoe-'r^e" 
hou'j fou' EvAstO'e 22 n's 25 rn - USS Ne/. 0"eais (^ . 



Apo'i:--SOiu: les- 
pro;er: 



STS I {Coivjmbiai 



Sta'^C'c. B'anc 
Sla)^o^ 



Jul, 1S.24 ^976 



Command?' Your^5 Ap'' 1214 198* 

Piio: CriDoe'- 



9da,s 
1 h' 26 mir 24 je: 



M 20 52 
H & orb ts 



Apo'.odoc«e<J with Soviei SovuJ spacecraft Jo > 17 
i^patated Jul, IS USS r^e^ O'-eans (p. 

First Ofbita' fhgh; o' space shimle, f -^st NAS^^ voace m;ss-C' 
touchdovsn or. land, first use of solia fue bODste's (S^^Bs'^c 
manned space 'iiQ^t fi'st useof ^eat ti'c«, fr^st ma'de- fi-o" 
cf a soar? vehicie ca'r>irng human c'e>r, 



Command?' Enaif NC. Iz-U ^9t' 

P.-Ot Try!, 



S4 13 '3 firj: reuse o* md-»ned ven'ji? p'e. c js , <ovv-. c" spa.'c ^ 'y 

xey. ir^soace re'^ct*' n^anou a::' svste'*' (f^f.'S- f-'s' 

36 O'b'ts e»o^' meni pa, cac {0?'''t. 1) musip-. reo^^teo^'O" S da.s 

whe- one 0' th'ee lue cei sfa iec 
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Cr«w 



Duraxion 



R*in«rki 



STS'3 (Coiumbia) 



STS-fl (Columb.a) 



STS-5 (Colunrtbia) 



STS«6 {Challenger) 



STS-7 (ChallengeO 



STS-8 (Cn*l'er.QB- 



STS-9(Cc.o-iD8 



Comrnanoe' Louima March 22«30. 1982 
Pnot Fulleaon 



Connmande' 

r/aningl> 
Pilot Hartsfielo 



ConrifTiande' Brand 
PiiO* Overmyf 
Miwior ^pfciai«;t> 
Alien, Leno ' 

Commande* WeitJ 
Pilot Bob«c 
Mi»ion Specialise 

PetersO". 

I/u>gf«ve 

Commande' Cnpper 
Pilo: Hauc 
Mivsior Soeciaii^ts 

fMbia-. R>ac. 

Thayard 



Co^T^aioe- ^o^^z 

Ga'"cr. ^-a-^e' 

Mert>v = 
LicMenwc 



June27-July 4, 1982 



NOV 1982 



Aprii 4-9. 1983 



June 18'?<. 19B3 



Auc 30-Sep: S,i963 



^92 hr^ S mm first u*e o< contingency iandmg site. RMS u>edlo move cirg:, 

in ipace. Ut*. OSS-i, other e>ip>eriment>, including one de 
129orbav ngned by a jtudeni problems crew space »ic« new. rralfunc- 

tioning toilet Nevs misjion record. 8 days 5 minutes 

169 hrs 9 frun First landing byOrbiler on » tor»crete runway (Edwardv Af B) 

Million goals further test the <iying. handling and op*''at- 
1 12 orbttv ing charsrteri sties of the orbiter, to perform more exercise 

with the mampulaio' arm First Getaway Special carried 
•board, series o< 9 eKpenmentv prepared by students. p«"- 
formed cloud'top lightening survey Problem loss of twc 
solid rocket booster castings 

122 Mrs M mm First operationa' flight for the shuttle, first launch of 2 cot*' 
merciai communications Mtelhies (S6S-3 and Ani» c-3) fi^^: 
81 orbits four^membe' «re«v. 3 SSip expenmenti conducted fo' stf • 

dents Prcrtiiem EVA canceled du* to oiaifunaion of venti' 
Ittof moto' in one suit, a pressure regulator m the othe- 

120 Hn 25 mm First launch of orbiter Challenger, first space^v air (4 hr^ ^7 
mm.) using new spacesuits Launch of the firs: TracKino and 
BO orbits 0*u Reiay CTDRS) satellite, three Getaway Specials flown m 

cargo bay Problem originally scheduled launch was post- 
poned twice, once for a hydrogen gas lea^, second fo' pa, • 
load contaminatw>n caused by a severe storm »t the pad 

•46 hrs ?4 mi^^ first $TS launch with crew of five, first spaceflight o< a" 
American *<oinar., 7 Getaway Specie* canmste'^ carried r 
97 orbits cargo bay, payioad of 2 commercl^• communication sateMev 

(Am*. 2 and Paiapa-B). conduaea medica' tests m orbi*. o^ 
The problem of Sp*ce Adaplatiorv Syndrome, shuttle pan?*, 
satellite (SPAS-OI) mounted m cas-go bay released mxo space 
by the arn-. and a operateo unde' its own powe' fo' seve'a 
hours Problem STS-7 wasscheduieo to i«no at KSC.bj-. 
ramy weather forced a landing at Edwards A» E 

i4Sh's9nn''' first nighnaunc^ of a space snur.ie firs: f^lg'^t lano nc c' e 

space s^^uH'C f"it spacefi»gr>: b. ar Ameflca'^ biac« asf^c- 
96 orbits nau'. Co^tmueo med-ca stud es laj'ic'^ iNSA'-ig sate 

lite 1? Getaw a V Special canrMste's carnec ar. SS"^ expe' • 
me'\t tiown on boa*d Nc p'ob'en^i 

2c* n's 47 m ' Fifsts S'x pc'sc c-pw. f'-g*" Spare at: psxcac sp*: a s*. 

jr. crtA fiioK; * £utoP<a^ (M^roc-C • at>ca 'c tn? Si.Jtt •. 
i66c?'bt^ non.p„AS^- Amencan astronaj; (tich-.encx?fc STS-S ve-i-ec 

the ab 'it) c^ p'l'^ClDa inwestiOStD's at tie ^a. oas Ooc'a*. t^' 
Contro Centf • to mterar. w.-tr. cre^ i^- orb : e 'I've* oas s 
Problems land'To deiaved 5-7 h's due to m»H jnn o' 
two o* th? O'b t*' s Q*ne'a purpose compjte's »'^a o'^' 
inertia I measyement ui ". 



WHO AM I? 
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9 
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6 
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8 
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10 
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6 

G 


7 
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8 
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7 
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6 
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9 
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7 
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4 
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g 
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5 
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7 

R 


8 
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10 

G 


9 

G 


6 

I 


10 

H 


7 

D 


10 

A 


10 

M 


8 

R 


6 

N 


8 

D 


4 

E 



Find out who the famous astronaut is. Count the number of letters in your 
name. If you have less than 4 letters, add 2. If your name has exactly A 
letters do not add or subtract--usG that number, 4. If you have more than 10 
letters in your name subtract 3 and use that number. Place your number in 
the box in the upper right hand corner of the page. Follow the chart from 
left to right and work down, starting in the upper left corner of the chart. 
List all the letters that go with your number and discover your famous 
astronaut. 
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FAMOUS ASTRONAUTS 



Use the Human Spaceflight Log (pages 35-37) to help answer the following 
questions. 

1* What is the name of "your" famous astronaut? 

2* What was the first mission he/she flew on? 

3. Did he/she fly on more than one? If so, list other missions 

f 1 own . 

4. Were there any "firsts" on this astronaut's mission? 

List. 

5. On what date did "your" astronaut fly during his/her first flight? 

6. If there was a recovery ship used on "your" astronaut's flight, give its 
name • 

7. Did "your" astronaut walk on the moon? 

8. What is the total amount of time "your" astronaut was in space? 

9. When "your" astronaut returned from his/her space mission, did the land- 
ing occur on land or in the ocean? 

10. Name the type of rocket used on "your" astronaut's first flight. 

7 

BONUS POINTS: Write a paragraph about "your" astronaut. Include ho^ you 
think he/she feels about being an astronaut. 
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EXTRAVEHICULAR MOBILITY L'. 



Clulidn and 



Mmiry Ot UnM 



CcMfMTnin(e«ilefii 



Conlamlnanl 



Sccofiatry oKyofln 
pack 




Liquid cooling 
•nd T*nlii«ilon 



Boon 



LCVO wal«r innipott tuWr>o 



Pmituf* 9«rm«ni blidd«' 
(ttfilftana cm lad nylon) 

Praaaura parmani covar^aalralni 

(dacfonj 



TMQ lln«r 
(naopfana coalad nylon hpalop) 



TMQ Iniulitlon layan 
(iluminUid mylar) 

TMQ covir (ortho<labnc) 
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HUMAN REACTION TIME 
PART 1 



During a space flight astronauts are required to be able to respond quickly 
to any given situation. Unexpected problems may arise during a space flight 
that require a rapid response to the problem. The faster the reaction time 
of an astronaut and the crew, the better chance they will have in dealing 
with a given situation. 

Students can measure their reaction time by using the reaction time card 
(following page) in this manner: 

1. Divide the class into teams of two students each. While one does the ac- 
tivity, the other student times his/her responses. 

2. Have one student start with a finger on square one and touch each square 
in numerical order. The other student should record the time. Then have 
the same student touch the squares 1n reverse order. Record the time 
again. 

3. Students should then reverse roles. 

4. Allow the students to do the activity for 2 or 3 days in a row to see if 
their reaction time improves. 

5. Compare results of boys versus girls, age groups, left-handed versus 
right-handed students, etc., by recording group averages on the 
blackboard. 

6. Allow students to put their own symbols in the blank squares. They might 
try to devise an ordering system which is faster than numbers. 



IQ seconds 



slow 



9 Seconds .... average 
7 seconds .... very good 
5 seconds .... excellent 
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REACTION TIME CARD 



TIME 



SECONDS 



SECONDS 



8 



11 



12 



10 



TIME 



SECONDS 



TIME 



SECONDS 



11 



8 



10 



12 



1 



Numerical 

Day 1 Time 

Day 2 Time 

Day 3 Time 



Reverse 

Day 1 Time 

Day 2 Time 

Day 3 Time 



Note: Try with the other hand to see if there is a difference in reaction 
time. 
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HUMAN REACTION TIME 
PART 2 



Another method of measuring a person's 
reaction time is with the scale included 
here. Duplicate the scale and paste it 
over a rneterstick. The heavy black line 
should be taped at bottom, then paste the 
other strip at the top of the first one. 
The markings are in 1/lOOths of a second. 

1. Divide class into teams, 3 or 4 in 
each team. 

2. Taking turns, have one student rest 
his/her right or left forearm on table 
or desk top with hand extended over 
the edge. Have another team member 
drop the rneterstick so that it passes 
vertically between subject's index 
finger and thumb, so that he/she may 
catch it after it starts to fall. 

3. The student should start with thumb 
and index finger apart the width of 
the meterstick* This way a standard 
width is used by all persons, 

4. Start by placing meterstick at zero 
between student's thumb and index fin- 
ger. Release stick and have student 
catch it. 

5. Record the number where student's fin- 
gers grasp the stick. Note: If stick 
is missed the score is 29, not zero. 

6. Have each student perform the test 3 
times and take an average. 

7. Try another way. Tape a child's small 
cricket clicker to top of meterstick. 
Blindfold student and have him/her 
catch the stick with eyes closed, 
responding to the "click" of the 

cl icker. 

8o Repeat 3 times and take an average- 
Have students record their averages, both 
sight and sound. Is there a difference? 
Does everyone have the same reaction time? 



• 29 



• 28 



,11 



.26 



.25 



.24 



,23 



,22 



.21 



.20 



• 19 



as 



• 17 



• 15 



.14 



.13 



.12 



.11 



.10 



.09 
.08 

To7 

.06 
.05 



BASE LINE 
(in lOOths 
of second) 




A SOFT LANDING?" 



Landing a spacecraft with scientific instrurnts 
or astronauts aboard on the moon or another plan^' is 
unlike landing on the Earth. Since those bodies nave 
no atmosphere, or a very thin one, landing will be 
difficult. Parachutes cannot be used because no air, 
or very little air, is available to operate them. 
Also, the pull of gravity by each of the bodies is 
different. However, for this activity we will use 
the earth's gravitational pull. 

An activity to illustrate this problem is an EGG 
DROP . 

1. Discuss with class the problems of landing in a 
thin atmosphere. 

2. Class could be divided into cooperative groups of 2 or 3 students. 

3. Each group should be given a raw egg, which should first be placed in a 
ziplock plastic bag to eliminate mess in the event of an unsuccessful 
landing. The raw egg is to be packaged in a container approximately 
6" ^ 6" with no outside fins to assist in the descent of the egg. 

4. If possible, secure help from local airport people. Have a pilot drop 
the eggs from the plane at 500 feet altitude over the school grounds or 
a nearby open area. 

5. If a plane is unavailable, use a different approach. Give each student 
a raw egg, a plastic bag, and 2 full pages from newspaper. Students are 
to place the egg in the bag. The egg should be dropped from a second or 
third story window, or the roof of a one-story building, using only the 
2 pages of newspaper to control the descent. The students may use the 
paper in any way they wish. 

6. Allow a few days for student to research their project. 

7. Any cracked or broken egg will be considered a failure in protection of 
the student's payload. 

8. After the experiment discuss with students better ways of packaging 
their payload. 

9. Check the library to see what NASA has used, and also what is considered 
a safe landing speed. 

10. Ask students what types of problems one would have landing a payload on 
Venus, Jupiter or other planets. 

NOTE: Another variation of the Egg Drop activity is to assign it as a pro- 
ject (or make it optional for extra credit) to be done together with a parent 
or guardian at home. This is a way to involve parents in learning. Parents 
or other helpers could be invited to school on "drop day." 
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EXERCISING FOR SPACEFLIGHT 



It is necessary for astronauts traveling in space to maintain good physical 
fitness. Due to limited space in the cabin, activities to maintain good 
physical fitness must be designed for these areas. 

To simulate exercises done by the astronauts while in flight, try the 
following basic isometrics: 

1. Grasp right hand in left hand and pull in opposite directions while hands 
are held together for 5 seconds* 10 seconds, and 20 seconds. 

2. Grasp left leg at the knee with clasped hands. Pull leg toward chest 10 
times. Repeat procedure with other leg. 

3. Clasp hands behind head. Pull in opposite directions. 

4. In a seated position, clasp hands under legs. * Pull in opposite 
direction. 
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PULSE RATE TEST 



Astronauts must be in good physical 
condition to fly in space. 

To give students an understanding of 
some of the activities astronauts use 
to stay fit, let them check their pulse 
rate under various conditions* In ad- 
dition to locating a step approximately 
18 inches high, you will need the fol- 
lowing materials; chart for recording 
pulse rate (see below) and pencils. 

1. Divide the class into teams. Have 
the students take their partner's 
pulse rate at rest, and record it 
for future reference. The teacher 
may need to assist the students in 
the beginning so the proper tech- 
nique is used when the pulse rate 
is taken. 

2. Have students step up onto the step 
and down again at a rapid rate for 
? or 3 minutes--approximately 20 
times. 




3. Have students take their partner's pulse rate again after the exercise; 
record and compare to pulse rate at rest. 

4. Wait 3 minutes; again take pulse and record it. Repeat after 5 minutes. 
Compare to the previous pulse rates. 



PULSE RATE CHART 



Name 


At Rest 


Immediately 
Fol lowing 
Exercise 


3 Minutes 

After 
Exercise 


5 Minutes 

After 
Exercise 


1 










2 










3 




















5 










6 
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CODED MESSAGES 



During a spaceflight a large quantity of data has to be transmitted back to 
earth at a high speed* To speed up the flow of data, it is easier to send 
this information in a coded system. 

The statements below are in code. In this code, the number for A is 11 be- 
cause it is in the first row, first column; for K, 25 (row 2, column 5); and 
33. Note that since I and J are together, the other letters in a word 
using I or J will be the clue as to which letter to use- 






1 


2 


3 


4 


5 


1 


A 


B 


C 


D 


E 


1 


F 


G 


H 


I/J 


K 


n 


L 


M 


N 


0 


P 


4 


Q 


R 


S 


T 


U 


5 


V 


W 


X 


Y 


2 




42 45 43 43 24 11 33 13 34 43 32 34 33 11 45 44 54 45 42 24 

22 11 22 11 42 24 33 12 15 13 11 32 15 44 23 15 21 24 42 43 44 
35 15 42 43 34 33 24 33 43 35 11 13 15. ' 11 31 11 33 

• 

43 23 15 35 11 42 14 52 11 43 44 23 15 21 24 42 43 44 
11 32 15 42 24 13 11 33 24 33 43 35 11 13 15. 15 14 
52 23 24 44 15 52 11 43 44 23 15 21 24 42 43 44 

35 15 42 43 34 33 44 34 11 43 35 11 13 15 52 11 31 25. 

• 

23 11 42 42 24 43 34 33 43 13 23 32 24 44 44 52 11 43 44 23 15 



ERIC- 



31 11 43 44 35 15 42 43 34 33 44 34 52 1. 1 25 34 33 



44 23 15 32 34 34 33. 31 24 43 44 12 15 . 1 43 52 44 23 15 



14 11 44 15 11 33 14 32 24 43 43 24 34 33 21 34 42 15 11 13 23 



34 44 23 15 43 15 35 15 34 35 31 15. 



1. Write a message below, then encode it into a number code on a separate 
piece of paper. Give it to a friend to decode. 



2. Invent a new code system of your own and write a message using it. See 
if a friend can "break" your code. 



SPACE TRAVELERS 



Below are the coded nair^es of famous space travelers. To find out their 
names, solve the code by substituting a letter for each shape. Then, in the 
space provided on the next page, tell something unique about each one. 




E 


F 


G 


H 


I 


J 


K 


L 


H 




1. 



2. 



a. 



□ >nj •>LD> > 

C VD> Ln J > > 

AJ u>nnn n jdaj 
LZ]DV> vnuu'VJA 

□ >n_ijn > nziv >UVD 
3 n □ ~r" Jj V vTi7\ 

AJ uLVjn rz]ULj>nj 

AJ cv'-JJ<3 < njj[ia> 

L>nDnjv L>nDnja 



□ > 
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1. 

2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 




METRIC CONVERSIOK 



The statements below relate to space flight. In the blanks provided, convert 
all numbers to metric. 

1. The Shuttle Orbiter is 122 feet ( ) long. 

2. The Shuttle Orbiter can carry up to 65,000 pounds ( ) of 

pay load into space. 

3. The Saturn V rocket develops 7.5 million pounds ( ) of 

thrust at liftoff. 

4. Satellites in geostationary orbits are placed 22,000 miles ( ) 

above the earth. 

5. The X-15 rocket engine generated 57,000 pounds ( ) of 

thrust. 

6. An Apollo command module is 10 feet 7 inches ( ) high. 

7. A Saturn V rocket at liftoff weighs 6,384,000 pounds ( ). 

8. The first successful probe of another planet occurred on Dec. 14, 1962, 

when Mercury 2 passed within 22,000 miles ( ) of Venus. The 

447-pound ( ) probe recorded Venus' surface temperature at 

700T ( ) and sent back valuable data on previously unex- 
plored space. 

9. The Gemini capsule is 10 feet ( ) in diameter. 

10. A total of 842 pounds ( ) of lunar material was returned to 

earth by the Apollo astronauts. 

11. The Skylab workshop weighed 199,750 pounds ( ). 

12. The Shuttle's Remote Manipulator Arm is 55 feet ( ) long. 

13. Astronauts who. are mission specialists must be between 60 and 76 inches 
( j in height. 

14. The Gemini-Titan rocket stood 108 feet ( ) hig[i. 

15. Alan Shepard's suborbital mission lasted 15 minutes; his Freedom 7 
spacecraft flew 116 miles ( ) high into space. 

16. The Lunar Rover vehicle used on the last three Apollo missions was 10 
feet ( ) long and weighed 493 pounds ( ). 

17. The maximum speed of the Lunar Rover was 10 mph ( ). 

18. Surveyor 3 that landed on the moon was 10 feet ( ) tall. 

19. The Shuttle's external tank will hold up to 440,000 gallons 
( ) of propel 1 ant. 



6 J 
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MATH READING PROBLEMS 



Use the Human Space Flight Log (pages 35-37) o help answer these math 
problems. 

1. There were six Mercury flights. What was tne total time spent in space 
by the astronauts on those flights? 

2. Gemini 7 was the longest duration flight with a total of 330 »hours 35 
minutes 31 seconds. How many full days would this be? 

3. How much more EVA time was used on Apollo 14 than Apollo 12? 



4. Find the total number of pounds of rock samples returned to the earth by 
the Apollo missions. 

5. How many more pounds of rock samples were returned on Apollo 15 than on 
Apollo 11 and Apollo 14 combined? 

6. What is the total number of lunar orbits completed by all of the Apollo 
astronauts that stayed in the command modules? 

7. Find the total time astronauts have spent on the moon. 



8. On Skylab 2, Astronauts Conrad, Weitz and Kerwin spent a total of 28 
days aboard Skylab and completed 404 earth orbits. What is the average 
number of orbits each day? 

9. During the Apollo-Soyuz mission the Russian cosmonauts spent 142 hours, 
31 minutes, 00 seconds in space. The American astronauts spent a total 
of 224 hours, 58 minutes, 33 seconds. How much more time did the 
astronauts spend in space than the cosmonauts? 



10. What is the total number of days spent in space by the fi^^st nine STS 
vehicles? 

11. Find the total number of orbits for the first nine STS vehicles. 



12. When the Orbiter Columbia first arrived at Kennedy Space Center, it 
remained in the Orbiter Processing Facility building for 610 days. How 

many hours would that be? 

How many weeks? 
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Work the following math problems and answer the question: 



CEHSA.PUOFNRWJ IH 
3 7 11 14 16 22 36 48 50 85 100 121 132 179 448 



18 32 84 11 128+8 23.5 22 314 42-i-6 

23 _il4 ^ jOl ;9i5 _ji6 +134 

14 
+66 



14 316 10 28-2 434 224 6 44+4 8 99 
16 JJZ jilO ;302 _Ji2 _k6 _ji2 _A3 

+20 



95 43 7 88+4 45 18+5 56+8 

+83 ^ ^2 -29 

ANSWER: 



Now make up your own question with the number code. Ask a friend to answer 
it. 



fi2 
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MYSTERY PERSON 

Work the following problems to solve the mystery: 

i^M.E_R_A_I_!LJ_H_S_F_j_C_G_I_B_W_ 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 



32-!-4 24-i-2 18-2 14-2 28-2 9+9 9-!-3 35+5 21-i-3 34-2 25*5 20-i-2 



36+6 36+4 15+5 22+2 30+2 16+4 40+4 54+9 



50+10 50+25 14+2 20+5 45+3 26+2 30+6 28+4 30+5 36+3 



48+4 32+8 32+2 50+4 42+7 48+8 81+9 27+9 



21+7 45+9 28+7 66+11 63+7 



ANSWER: 




ERIC 



UNSCRAMBLE THE WORDS 



APOLLO 

FUEL CELL 

OXYGEN 

ORBIT 

PRESSURE 

SATELLITES 

MECO 

COSMONAUT 



AIRLOCK 

PAY LOAD 

RUNWAY 

DEHYDRATION 

SOYUZ 

ASTRONAUT 

MATE 

SPACE STATION 




1. KOCAIRL 

2. YZOUS 

3. NEDHYDRATIO 

4. LLEUFELC 

5. LPOALO 

6. TOMCOUASN 

7. TSNAARUOT 

8. DYPAAOL 

9. OCEK 

10. AMET 

11. ILTLESTESAT 

12. XGOYNE 

13. TIRBO 

14. YAWUNR 

15. RSSUPREE 

16. TTSSNOIAAEPC 
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PRONUNCIATION SKILLS 



Match the following words with their correct dictionary pronunciation. 



1. 


ASTRONAUTS 






2. 


LUNAR 




*0R-B3T-3R 


3. 


REENTRY 




» SPLASH- .DAUN 


4. 


SEMINI 




*LU-N3R 


5. 


MICROGRAVITY 




'SAT-L-JT 


6. 


ORB ITER 




•TRED-.MIL 


7. 


SATELLITE 




•as-tr3-,n6t 


0 

o. 


cm Acunnuii 




'KAZ-K3-»n6t 


0 


TDP&nMTl 1 




•AK-SI-J3N 








'MI-KRt)-'GRAV-3T-r 


1 1 

1 X • 














'JEM-3-NT 


How 


many syllables are 


In each of the following words: 


1. 


fallout 


B, 


Apollo 


2. 


spacecraft 


9. 


suborbital 


3. 


orbit 


10. 


Enterprise 


4. 


shuttle 


11. 


countdown 


5. 


booster 


12. _ 


runway 


6. 


Spacelab 


13. 


atmosphere 


7. 


revolution 


14. 


airlock 
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SUBJECT AND VERB 

Draw a line between the subject and the predicate. Draw one line under the 
simple subject. Draw two lines under the verb in the predicate* 

Neil Armstrong landed on the 
moon July 20, 1969. 

He said, "God's speed all the 
way. John Glenn." 

Deployable, erectable, and manu- 
factured are the three main 
kinds of large space structures. 

Astronaut Edward White made the 
first space walk on Gemini 4. 

Guion Bluford is the first Amer^ 
ican black astronaut to perform 
a spaceflight. 



Skylab was occupied a total of 
171 days. 

On June 18, 1983, Sally Ride 
became the first American woman 
to fly in space. 

The Apollo 13 mission was abort- 
ed after the service module oxy- 
gen tank ruptured* 



Apollo 17 was the first night launch of American astronauts. 

In July of 1975, aU*S. spacecraft docked with a Russian spacecraft in the 
ASTP program. 

The Mercury program is the name of the one-man space missions* 

The Gemini 7 astronauts made the first docking of one space vehicle with 
another. 

The USS Hornet served as the recovery ship for Apollo 12. 

The astronauts on the Apollo-Soyuz mission made the last scheduled water 
landing, 

"Houston, Tranquility Base here, the Eagle has landed." 

To remain seated on the shuttle toilet, the user must insert feet into foot 
restraints and snap together the seatbelt. 

Around the year 2000, NASA plans to erect a lunar base on the moon* 

S3 
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SUBJECT AND PREDICATE 



Write each subject below. Add a predicate to e- 
plete sentence. Use punctuation and capital lettf 



subject and make a corn- 
correctly. 



1. 



2. 



5. 



7. 



9. 



1. 


the first moon explorers 


6. 


t;:)acesuit 


2. 


Russian Yuri Gagarin 


7. 


redstone 


3. 


space lab 


8. 


external tank 


4. 


Apollo 


9. 


space station 


5. 


Skylab 


10. 


lunar rover 





10. 
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COMPOSITION: WRITING A PARAGRAPH 



Write a paragraph on one of the topics listed below. Be sure to follow the 
guides printed here for you. 



HOW TO WRITE A PARAGRA^.^ 

Have your topic clearly in mind. 

Indent the first word of the paragraph. 

Write a first sentence that will suggest the topic. 

Make sure that every sentence keeps to the topic. 

Make every sentence develop or tell more about the topic. 

Begin and end each sentence correctly. 

Include at least four sentences. 



SUGGESTED TOPICS 

1. Apollo Mission 

2. Space Shuttle 

3. Astronauts 

4. Living in Space 

5. Space Station 

6. A space-related topic of your choice: 



SPACE SPELLING 



1 

1 • 




1 1 
1 1 • 


MrULLU 


ci * 


rM I LUMU 


o 
c* 


ADHDT 

AdUK 1 




cnviiT 


09 
cc . 




0 

0« 






UUorlUNMu 1 


07 
C.6 . 


ULUKDi 1 


4. 


AEROSPACE 


14. 


ASTRONAUT 


24. 


GRAVITY 


5. 


MERCURY 


15, 


SPACESUIT 


25. 


ROCKET 


6. 


BOOSTERS 


16. 


DOCKING 


26. 


OXYGEN 


7. 


ORBIT 


17. 


ORB ITER 


27. 


WEIGHTLESSNESS 


8, 


COCKPIT 


18. 


CABIN 


28. 


ARMSTRONG 


9. 


REENTRY 


19. 


SKY LAB 


29. 


GLENN 


10. 


SPACELAB 


20. 


RUNWAY 


30. 


SHEPARD 



Suggestions for spelling activities. Select one activity each day. 

1. Divide words into syllables. Use the dictionary respelling and mark the 
vowels. 

2. Put words into alphabetical order. 

3. Look up the definition of each word and copy it on yoi;r paper. Now use 
the word in a sentence which uses that definition. 

4. Create a wordsearch. Be neat! Someone else will be finding the words 
you hide in the puzzle. 

5. Create a story using 10 or 15 of these words. Underline each word used. 
Have some of the words misspelled. Ask other students to proofread the 
story. If an underlined word is misspelled, write it correctly. If the 
word is spelled correctly, make an asterisk {*). 
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DICTIONARY SKILLS 
PART 1 

From the list on the nex: page, find the word that goes best with the defini- 
tion. Words should be used only once. 

~. A person who flies in space, whether as a crew member or a passenger. 



2. The first stage of a missile or rocket. 



3. A body of small mass but larger volume compared to a planet, often de- 
veloping a long, luminous and partly transparent tail when close to the sun. 



4. The Russian term for what in the U.S.A. is called an astronaut. 



5- The hours, minutes, and finally the seconds, of time remaining before 
the launch of a rocket. 



6. Ihe technique of connecting two or more spacecraft in space. 



7. A device which protects people or equipment from high temperatures, in 
front of a reentry capsule as it reenters the earth's atmosphere. 



8. Of or pertaining to the moon. 



9. National Aeronautics and Space Administration. 



10. An orbit which passes over the north and south poles. 



11. Engines or devices fired to reduce the speed of a spacecraft. 



12. Useful cargo carried aboard a spaceship. 



13. America's reusable space ship. 



14» The United States' first human space program. 



15. The act of going outside the spacecraft. 



16. Name for the U.S. two-man space mission. 



17. To come into or go out of orbit. 



18, Joint United States and U-S-S,R, space mission launched in 1975, 



19. Clothing worn by an astronaut for EVA. 



20. Used as a life support system for extravehicular activity* 



a) 


backpack 


h) 


lunar 


0) 


heat shield 


b) 


deorbit 


i) 


booster 


P) 


astronaut 


c) 


Gemini 


j) 


comet 


q) 


docking 


d) 


cosmonaut 


k) 


polar orbit 


r) 


ASTP 


e) 


Mercury 


1) 


countdown 


s) 


retro-rockets 


f) 


payload 


m) 


spacesuit 


t) 


NASA 


g) 


shuttle 


n) 


extravehicular 
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LARGE SPACE STRUCTURE 



NASA has asked Congress for funding to design, construct, and launch into 
earth orbit by the 1990 's a large space structure (space station). You have 
been selected to work on one of the NASA decision-making teams. Your assign- 
ment and instructions are listed below. Congratulations and good luck on 
your appointment! 



1. FUNCTION OF THE STATION. 



Your duty is to decide what will be the function of this station 
in space. Should it be military or non-military? This and other 
questions will need to be answered. 

2. NATIONALITY OF SPACE STRUCTURE INHABITANTS. 



Should this station be operated solely by Americans or should this 
be an international work station? Your decision must be supported 
by statements explaining why. 

3. STAFFING OF THE LARGE SPACE STRUCTURE. 



Your task Is to select a group of people to operate the space 
structure and to explain why these people were selected. A list 
of possible candidates will be provided (following page). 

4. DESIGN. CONSTRUCT AND PLACE YOUR STRUCTURE IN SPACE. 



Your report should include a drawing and description of the struc- 
ture shape; a listing of materials used In construction; a step- 
by-step report on how the structure will be placed In space and 
where it should be placed. Any other pertinent data to success- 
fully complete your part of the task should also be included. 

5. optional: 



Build a model of the structure. 



'^2 
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POTENTIAL PERSONNEL FOR SPACE S CTURE 



1. 


Medical doctor 




Administrator 


2, 


Nurse 


: 7, 


Fireman 


3. 


Lawyer 


,8. 


Psychiatrist 


4. 


Teacher 


19. 


Pharmacist 


5. 


Cook 


20, 


Aeronautical engineer 


6. 


Military person 


21. 


Mechanical engineer 


7. 


News media representative 


22. 


Astronomer 


8. 


Librarian 


23. 


Geologist 


9. 


Policeman 


24. 


Meteorologist 


10. 


Computer expert 


25. 


Rocket expert 


11. 


Communication expert 


26. 


Mathematician 


12. 


Minister 


27. 


Entertainment director 


13. 


Politician 


28. 


Historian 


14. 


Astronaut 


29. 


Mechanic 


15. 


Janitor 


30. 


Others (be specific) 



NOTICE!!! 

Because of budgetary cut-backs, the funds for personnel hiring have been 
drastically cut. You will be able to select only ten people to staff the 
station in the beginning. List them, giving reasons for their selection. 
Each person would be expected to stay on the station for at least six months. 

If funds become available, some of you will be able to select five more indi- 
viduals. Those decisions will depend on the reasons you state for the five 
additional staff you decide to take if possible. Be sure that your state- 
ments are convincing! 
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DICTIONARY SKILLS 



PART 2 



Place the Space Vocabulary words listed below in the blanks shown between the 
correct dictionary guide words. 



1. 


abort 


9. 


runway 


2. 


yaw 


10. 


gravity 


3. 


telescope 


11. 


cosmonaut 


4. 


deorbit 


12. 


spacesuit 


5. 


satellite 


13. 


rocket 


6. 


payload 


14. 


astronaut 


7. 


Vostok 


15. 


docking 


8. 


cockpit 


16. 


boosters 



1. dentil dependable 

2. rumble-seat rupee 

3. astragalus atavism 

4. pawn peach 

5. voluptuous vulcanite 

6. cochlea codfish 

7. satchel sauna 

8. graupel grease 

9. boogie-woogie borax 

10» xylophone yearling 

11. docile dormitory 

12. teleran tendon 

13. Cosmoline cotter 

14. rocker rogue 

15. spa spar 

16. ablaze absent 



f 

a 



SAT 

SHUTTLE AWARENESS TES^ 



The following quiz requires only one answer pe*- question--either true or 
false. The questions are designed to illustrate certain points about the 
space transport system known as^ the shuttle, 

!• T F The shuttle will never fly to the moon. 

2. T F The muffler for the launch of the shuttle is made of water. 

3. T F You can breathe one of the two components used by the three main 

engines of the shuttle. 

4. T F The robot arm of the shuttle can lift up to 32 tons in space but 

cannot lift itself on the ground. 

5. T F The shuttle can carry up to seven people into space. 

6. T F The toilet on the shuttle uses no water. 

7. T F The cargo bay of the shuttle is long enough to park a schoolbus 

and a family car. 

8. T F The payload specialists who will go into space will not be trained 

as astronauts. 

9. T F In orbit, the shuttle can go from one side of this country to the 

other in about 12 minutes. 

10. T F The space shuttle could land at any major airport. 
BONUS QUESTION: 

T F The drinking water for the crew is made while in space. 



;d5icj io 9;LSoddo sq^ sl uo.usanb snuoq am 'ana:; ajE (o[ 
M6noJM^ 2) sjaqiunu ay; io %sbj em 'anj; si i jequjnN :sj13msuv 
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FANTASY OF FLIGHT 




ACROSS 

4. Man who invented the telescope 

6. King Etena is said to have flown to 

heaven on the back of it 

7. In Cyrano book "Voyages to the Moon 

and the Sun" a machine powered by 

a was used 

8 Man who attempted lunar flight by 
using bottles filled with dew 
1 0 . The Egj-ptians called it the "H eavenlv 
Nile'' 

12, Great science-fiction classic of space- 
flight published in 1634 

14. Persian mythical king was carried into 

the clouds on his throne by 4 eagles 

15, With their arithmetic they acquired 

knowledge about the periods of the 
sun, moon, and planets 
1 6 Over 1 500 years before Christ, the 

Eg^-ptians recorded seeing this planet 



DOWN 

1. Polish astronomer who stated that the earth 

orbited arouna the sun 

2. Winged messenger of the god? 

3. Novel, "Across the Zodiac," hero traveled to 

this planet 

4. Domingo Gonsales was carried to the moon by 

their migration flight 

5. Daedalius' son who flew too near the sun 

9. He proposed a lighter-than-air ship in 1670 
1 1 . Frenchmen with first successful balloon fiight 

June 5, 1783 
13. His followers first suggested that the earth 
was round or a sphere 



SPACEFLIGHT -THE EARLY Y 




ACROSS 

2 Number of men on an Apollo mission 

5 Number of astronauts on Gemini mission 

7. Recovery ship for Apollo 12 

8. Apollo missions traveled to the 

11. Rocket used in the Apollo mission 

12. Command module for Apollo 9 

13. Reco%'ery ship for Apollo 17 

1 6. Astronaut who flew Mercury 4 mission 

18. Astronaut on Apollo 16 

20. Apollo 12 returned part of 3 

21 . Astronaut who flew first 2 man mission 
22 Name of Apollo 11 lunar module 

24. Name of 2 man space mission 

26. Name of 3 man mission to the moon 

27 First American to walk in space 



DOWN 

1. Kind of cells used for power on Mercury 5 

3. Last American to walk on the moon 

4. First American in space 

6 Number of astronauts on Gemini mission 

9. Lunar module for Apollo 13 

10. Lunar module spacecraft on Apollo 10 

14. First man on the moon 

15. Rocket used in the Gemini program 
17. Rocket used in Mercury 4 mission 
19. First American to orbit the earth 

23. Spacecraft name used to land on the moon 

25. Number for the last Mercury mission 
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SPACEFLIGHT - THE LATER YEARS 




ACROSS 


DOWN 


1 


Name of first orbiter to fly 


2. 


Shuttle uses 2 solid fuel 


3. 


American space station launched in 1973 


3. 


Name of a Russian spacecraft 


5. 


European specialist on STS-9 


4. 


Commander of first shuttle flight 


7. 


Strip where ST5-3 landed 


6. 


Primary payload for STS-9 


11. 


Ocean where Skylab 4 crew landed 


8. 


Ocean where Skylab 4 crew landed 


12. 


Country American craft docked with 


9. 


Pilot on STS-4 


13. 


Pilot on STS-4 


10, 


Strip where STS-3 landed 


16. 


First American black astronaut to fly 


14. 


Total rocket engines for shuttle liftoff 


17. 


Comet observed by Skylab 3 crew 


15. 


Name for Russian space traveler 


18. 


Shuttle orbiter that never flew in space 


19. 


Pilot of STS.2 


21. 


First American woman in space 


20. 


Russian cosmonaut on ASTP 


22. 


Month ASTP mission was launched 






23. 


Shuttle uses 2 solid fuel 










( 0 
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BEST CBPY AVAILABLE 

ERIC 



OGbl PDCXAft 
ULBSMMWROD 
VVKPJEPMDS 
JkCAI QJHOR 
QP I CXP6BAA 
THFEFXYSHE 
CMNYXKTB^^'T 
MUTFTRKWCF 
CAIHOMENOC 
XJANUIEBSH 
QOAOTYFFSP 
AUM2EXNAUD 
TRLIBIPYKS 
JAQXUMTFBR 
NDRRUATHFJ 
RVEKCFNHPC 
SKENACKYLE 
S I CHRTGLEN 
YRUCREMJAW 
rtBNKTYCTPG 
CTSQUHIARM 
PMEPSTLOYO 
X6TIC0NDER 
TIBRDMRKDR 
BUOXRMWOMW 
RS'JNLKSATU 

KIOYJYLOU 



SKYLAB 

KERWIN 

CARP, 

COMET 

APOLLO 

SLAYTON 

LEONOV 

SHEPARD 

ASTRONAUT 

TRANQUILITY 

TICONDEROGA 

BEAN 

POGUE 

KOHOUTEK 

SOYUZ 



HUMAN SPACEFLIGHT 







c 
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rv 


ri 
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V 
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V 
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IT 
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A 


T 


.S 


R 
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S 


C 




A 


M 


S 


P 


B 


J 


L 


C 



ORBIT 

KUBASOV 

GRISSOK 

ARMSTRONG 

ALDRIN 

CONRAD 

LOUSMA 

GIBSON 

HORNET 

STAFFORD 

SATURN 

COSMONAUT 

GEMINI 

CASPER 

SHUTTLE 



t , 






X 




V 

-A 


3 
i 
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r 
\t 
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V 
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LI 
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V 


1 


A 


1 


1 


V 

T 


D 


H 


i E 


J 


X 


N 


U 


K 


X 


Q 


6 




K 


6 


Q 


S 


0 


nm 

(E 




i f 
W 


u 


R 


N 


Q 


K 


L 


P 


S 


L 


• 

J 


A 


E 


U 


M 


6 


L 


F 


5 


u 


X 


K 


E X 


Q 


K> 


U 


J 


K 


c 


Ul 


C 


D 


6 


C 


U 


M 


V 


I 


5 


5 


U 


R 


M 


6 


F 


I 


0 


B 


e 


S 


0 


Y 


U 


2 


hJ 


0 


^ 


s 


0 


c 


T 


R 


0 


P 


R 


L 


M 


□ 


R 


T 


T 


L 


S 


3 


K 


P 


D 


D 


Y 


N 


N 


E 


Q 


I 


UJ 


0 


A 


V 


0 


E 


N 


6 




L 


L 


G 


T 


S 


J 


J 


R 


L 


S 


0 


U 


D 


6 


F 


UJ 


0 


E 


X 


u 


H 


A 


I 


X 


W 


s 


8 


p 


I 


Y 


R 


6 


A 


u 




A 


I 


s 


A 


N 


C 


L 


J 


D 


0 


B 


E 


A 


0 


Y 


D 


H 


I 


0 


L 


u 


R 


C 


B 


R 


Y 


F 


T 


P 


w 


K 


A 


Y 


I 


M 


I 


N 


I 


A 


P 


R 


L 


N 


E 




M 


B 


r 


S 


C 


R 


Q 


I 


C 


□ 


M 


E 


T 


I 


0 


A 


C 



WEITZ 

GARRIOTT 

SPACE 

SUN 

BRAND 

RUSSIAN 

GLENN 

MERCURY 

FALCON 

TITAN 
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SKYLAB 
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"First 1 t>«iieve mat this Nation srv:uic commtt Tts«[f to achieving th» goal, b«for9 this ({•cad^ i» out. of 
landing a man on th« Moon and raturning him saftiy to Earth/' 

President John F. Kennedy. Special Message to Coograss. May 24. 1961 



"If wf die. we want peojXe to accept 
it. We are in a risky tMisiness, and we 
hope that if anything happens to ua tt 
will not delay the progrw. The 
conquest of space is worth the risk of 
life." 

Astronaut Virgil 1. Grissom 
{On January 27, 1067, Astronauts 
Grissom, White, and Chaffee died 
from a flash fire aPoard Apollo 
204 Spacecraft.) 





"$'ome day people will travel to Mars. 
It ¥rt« be a toog trip, but fun. This will 
be a big step for mankind. We %vouk5 
be able to find out if there was life on 
this planet, it probably will look like a 
red deeert." 

J. Stephen Hartsf>ekl, 
Seventh Grader. 1964 



"The greatest gain from space travel consists in the extension of our knowledge. In a hundrec yea 
this newly won knowledge win pay huge and unexpected dividends." 

Professor Wember von Braun 



"Scjenco-fiction yesterday, fad today— obsolete tomorrow." 
Otto 0. Binder. Editor in Chief. Space World Magazine 



"It Is difficult to say what fs impossible, for the dream of yesterday Is the hope of today and the 
reality of tomorrow." 

HotDert H. Gcjdard in his high schoo' oration (1904) 



